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Towards meeting 
the demands of growth 


f pwn higher metabolic needs of the young which accompany natural growth and 
development, and which are further increased by heavy daily expenditure of energy, 
tend to diminish reserves of physical and nervous vitality. 


. ‘Ovaltine’ provides a useful supplement to help to satisfy the extra needs for 
proximate and accessory food principles. The malt, milk, cocoa, soya and eggs 
which ‘Ovaltine’ contains are blended to form a highly nutritious food beverage 
—deliciously flavoured and easily assimilated. 


It is of value in helping to maintain normal weight increase and is of undoubted 
help to those recovering from the debilitating effects of the common fevers of child- 
hood. For growing children ‘Ovaltine’ is a dietary reinforcement which can be routinely 
recommended with confidence. 


Vitamin Standardization per oz.— 
Vitamin B,, 0.3 mg.; 
Vitamin D, 350 i.u.; Niacin, 2 mg. 


A. WANDER LIMITED, 42 UPPER GROSVENOR STREET, LONDON W.1 


Manufactory, Farms and ‘Ovaltine’ Research Laboratories: King’s Langley, Herts. 
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Infective conditions children 


The febrile child suffers not only from the basicinfection. 
but also from its toxic effects. For treatment of the 
debility and loss of appetite arising from the malaise, 
VITAVEL SYRUP is eminently suitable. It provides the 
vitamins which are not only needed in greater amounts 
but may well be lacking in the restricted diet of the 
febrile state. 


One fiuid ounce contains:— 


VITAMIN 20,000 i.u 
VITAMIN D2 B.P........ 8,000 i.u. 
VITAMIN 4 m.g. 
VITAMIN CB.P,.......... 80 m.g. 


PURIFIED GLUCOSE B.P. 25% w/v. 
in an attractive orange juice base 


\\ 


BEMAX is especially suitable for children on 
the restricted diets taken during illness and 
convalescence, where its high protein and 
vitamin contents make a valuable contribu- 
tion towards recovery. 


VITAVEL SYRUP and BEMAX are products of:- 
VITAMINS LIMITED, UPPER MALL, LONDON, W.6. 
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REGD. TRADE MARK BRL 1241 


odium 6— (2,6—dimethoxybenzamido) * 
penicillanate monohydrate 


" od A new penicillin has been prepared which is active 
i against the usual penicillin-sensitive microorganisms 
and yet resists staphylococcal penicillinase. This is a major event 
in chemotherapy. From the information given in the British 
Medical Journal last week and in the three papers appearing in 
our present issue there is good reason to hope that the new BRL 
f 1241 (‘Celbenin’, Beecham Research Laboratories) will be a means 
4 of controlling the staphylococcal infections which 

| have plagued hospitals throughout the world during 6 * 
the past ten years. 


EDITORIAL (1960) LANCET, ii, 585 


: Seven papers reporting work on Celbenin appeared in the 
F British Medical Journal of September 3rd, 1960, on pages 
687, 690, 694, 700, 703, 706 and 708; three in the Lancet of 
September 10th, 1960, on pages 564, 568 and 569. 


CELBENIN is a product of British Research at sae 
BEECHAM RESEARCH Laboratories Ltd. Brentford, England “és” 
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Ferromyn 


ferrous succinate 


HIGH TOLERANCE 
Intolerance to Ferrous Succinate is less than 1°, including 
cases of anaemia in pregnancy. 


HIGH UTILISATION 
Clinical trials show that a haemoglobin response of 1°%—2% 
may be expected from 1 tablet three times daily. 


FERROMYN is presented in tablet, capsule or liquid form. Each 
unit dose contains 


FERROMYN 
Ferrous Succinate 150 mg. 


FERROMYN ‘B’ 
Ferrous Succinate 150 mg., Riboflavin 1 mg., Nicotinamide 10 mg., 
Aneurine Hydrochloride 1 mg. 


TRADE PRICES 
FERROMYN TABLETS /CAPSULES §FERROMYN ‘B’ TABLETS /CAPSULES 
3/- +-_ PT. 100 3/9. Exempt PT. 
1,000 26/- + P.T. 1,000 32/6 Exempt P.T. 
FERROMYN ELIXIR FERROMYN ‘B’ ELIXIR 
40z 4/3 + P.T. 40z 4/6 Exempt P.T. 
80 oz 78/- + P.T. 80 oz 80/- Exempt P.T. 


CALMIC 


CALMIC LIMITED - CREWE - CHESHIRE 


Telephone: Crewe 3251 (7 lines) LONDON: 2 Mansfield Street. Telephone: Langham 8038/9 
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...and for your 


normal babies too! 
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When the 
Infection 
is severe 


SUSPENSION CH LORO MYCETI N PALMITATE 


A palatable liquid preparation of CHLOROMYCETIN* 


Indicated in the treatment of: early Pertussis, Laryngotracheo 
bronchitis, Staphylococcal Pneumonia, Infantile Gastro-enteritis, 
Non-Tuberculous Meningitis and urinary tract infections. 
2 “s Each 4 ml. teaspoonful contains the equivalent of 0.125 g. Chloromycetin. 
* Supplied in bottles of 60 ml. 


*Trade Mark 


PARKE-DAVIS PARKE, DAVIS & COMPANY, HOUNSLOW, MIDDX. TEL: HOUNSLOW 2361. 
Inc. U.S.A. Liability Limited 
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ringworm infections simple and severe respond to 


Grisovin given orally exerts its activity 
systemically and endows newly formed 
keratin with the power to resist fungal attack. 
Even severe and long-standing infections 
respond well, and improvement can often be 
noted in glabrous skin within seven days. This 
remarkable and consistent activity against 
dermatophyte infection of skin, hair and nails 
is obtained with a low incidence of side effects. | 


Below is a typical case of nail bed infection 
(trichophyton rubrum). 


BEFORE TREATMENT 


AFTER FIVE MONTHS 


GRISOVIN 
the ORAL antibiotic born and bred in Britain 


Bottles of 100 and 1,000 tablets each containing 250 mg griseofulvin 


GLAXO LABORATORIO S 


GRISOVIN 

| | ORAL antibiotic 

tliat ate the 
Tenoth and hreadth || 
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Non-virilising 


anabolic agent 


Nilevar is already established 
as the anabolic agent of 
choice in adults and children 
and as an effective calcium 
Sparing agent. 
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A LONGITUDINAL STUDY OF 
VYHE GROWTH AND DEVELOPMENT OF PREMATURELY 
AND MATURELY BORN CHILDREN 


PART VI: PHYSICAL DEVELOPMENT IN AGE PERIOD 2 TO 4 YEARS 


BY 


CECIL MARY DRILLIEN 
From the Department of Child Life and Health, University of Edinburgh 


(RECEIVED FOR PUBLICATION MAY 30, 1960) 


In previous papers in this series (Drillien, 1958a, b; 
1959a, b, c) an account has been given of growth and 
development during the first two years of life of 
nearly 600 children of different birth weight. These 
children were born in two Edinburgh maternity 
hospitals, in the years 1953 to 1955. Approximately 
one-third of the group were 43 Ib. or less at birth, 
one-third between 44 and 54 lb., and one-third 
mature controls. The sample includes over 100 
pairs of twins. Details of selection and procedure 
are given elsewhere (Drillien, 1958a). All children 
in the survey have now reached the age of 4 years, 
and results are presented here of the analyses of. 
weight and height measurements, in relation to 
birth weight, sex, whether single or multiple birth, 
and certain environmental and genetic factors. 

Five hundred and ninety-five children were 
originally selected for study. Of these, 58 (10 of 
whom died) were lost at or before 2 years. Between 
2 and 4 years a further nine children have been lost. 
Most of the losses have been due to removal from 
Edinburgh or south Scotland. Only seven children 
heve been lost through refusal of the parents to 
co-operate, all these before the age of 2 years. At 
3 years 92% of surviving children remained in the 
survey, and at 4 years 90% remained. This 
Wistage rate compares favourably with other 
lc ngitudinal surveys of this kind. In the Newcastle 
stidy (Miller, Court, Walton and Knox, 1960) 
7: -5% remained at 5 years. Here the major cause 
0 loss was removal from the city, with an excess in 
fe nilies from the two highest social classes. In the 
E inburgh survey, children are retained in the sample 
if hey remove to within a radius of about 60 miles, 
ai d others have been seen on return to Scotland for 
h lidays. The majority of those lost by removal 
h. ve emigrated. The social class distribution of 
th »se remaining at 4 years does not differ appreci- 


ably from that of the original sample. In the national 
survey of premature and maturely born children 
(Douglas and Blomfield, 1958) 31% had been lost by 
43 years, most of these due to death; after the 
exclusion of deaths 94% remained. In the national 
survey each premature was matched with a maturely 
born control child, and when either was lost the 
paired child was also excluded. This is likely to 
introduce bias if death rates differ in the experi- 
mental and control groups, as is the case here. 
Yearly death rates per 1,000 survivors, between the 
ages of 1 month and 43 years, were 14-1% for 
prematures and 4-4% for controls. Excluding the 
paired controls has the effect of artificially elimi- 
nating these children. 


Procedure 


Nearly all the children were examined within 
two weeks of their 3rd and 4th birthdays. Any 
who were seen later than four weeks after their 
birthdays have not been included in the subsequent 
analysis. At 3 years 14 cases were excluded for 
this reason, and 16 cases at 4 years. 

The children have been examined in their own 
homes. They were weighed in light indoor clothes, 
without shoes, an appropriate deduction being made 
for clothes still worn, and measured recumbent, 
without shoes, on a portable measuring board. 


Mean Measurements of Weight and Height 


Tables 1-4 give mean weights and heights, mean 
weight and height increments, and the standard 
deviations of these means for male and female 
singletons and twins in four birth weight groups, 
at ages 1,2,3 and 4 years. The means are recorded 
in British units and their metric equivalents. At 
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TABLE 1: MEAN WEIGHTS AND HEIGHTS OF MALE SINGLETONS AND TWINS AT AGES 1-4 YEARS 


S.D. | Height | 


| 


| | | | 
Age Birth | Weight S.D. | Weight S.D. | No.of | Height No. of 
(yrs) Weight* | (Ib.) (oz.) | (kg.) (g.) | Cases | (in.) (in.) | (cm) | (cm.) Cases 
Male Singletons | | | | 
| 1 | <3 6 8-750 182 53 | | 
1 2 21-0 5 9-545 | 127 62 | 
| 3 22-9 8 10-398 | 236 26 | | 
| 4 23-9 7 | 10-881 | 191 | 30 | | 
| 246 | 7 11-193 186 52 31-9 | 0-67 | 81-1 | 1-70 52 
2 y | 11-591 136 63 | | 84-0 0-37 63 
| 3 27°4 9 12-472 240 26 34-2 | 0-58 86-8 1-47 26 
4 28°6 9 12-983 254 30 | 34-2 | 0-23 | 87-4 0-58 Fs | 
1 28-9 7 13-153 209 49 | Jo-8 | 0-54 91-0 1-38 45 
3 2 29°8 6 13-551 159 63 | 36:5 | 0-52 92-6 i-31 63 
3 | 10 14-602 art 26 | 37:4 | 0-84 24s 25 
4 | 331 | 11 | 15-028 308 28 «(37-6 «(0-82 95-5 | 2:09 | 27 
| 12 | 33-4 | 9 | 15-028 249 45 | 38:7 | 11 98-4 2-75 | 45 
+ 2 33-8 7 15-369 195 60 | 39-3 | 0-61 99-9 35 60 
3 36-6 12 16-619 336 | 24 40°6 | 0-96 103-0 2-44 24 
| - 37°4 14 17-017 404 | 29 | 40-5 | 0-80 102-8 2-02 29 
Male Twins | | 
| 1 18-5 7 8-409 204 | 25 
1 2 20°4 9 9-290 254 28 
3 22°6 6 | 10-284 | 163 | 39 
| + 22°8 9 | 10-369 | 254 6 
1 23°35 8 10-682 | 240 27 32-4 0-33 82-3 0-85 24 
2 | 2 25-6 7 11-648 200 28 33-0 0-24 83-8 0-61 28 
3 27°6 | 209 39 34-0 0-21 86-3 0:53 38 
+ 28:1 18 | 12-784 | 500 | > 33°4 0-31 84-8 0-80 5 
| 1 28-3 11 12-869 304 | 25 35°8 1-35 91-0 3-44 25 
3 | 2 2o°7 9 13-466 | 263 28 36°4 0-84 92-5 2-14 28 
| 3 32-0 9 14-545 | 259 36 31°2 0-76 94-6 1-93 36 
| 11 15-710 | 308 > 3-20 94-8 8-18 3 
1 | 32-1 12 14-574 | 349 25 38-5 1-49 97-8 3-78 25 
2 9 15-114 | 263 27 39-1 1-01 99-4 27 
3 35:9 11 16-335 | 313 36 40-0 0-84 101-6 2°13 36 
| 4 36-6 4 16-619 | 953 4 39-7 1-20 100-8 6-24 4 


TABLE 2: MEAN WEIGHTS AND 


HEIGHTS OF FEMALE SINGLETONS AND TWINS AT AGES 1-4 YEARS 


| | | | | 
Age Birth | Weight S.D. | Weight | SD. | No.of Height S.D. | Height S.D. | No.of 
(yrs) Weight* (ib.) (oz.) (kg.) | (g.) | Cases (in.) (in.) | (cm.) | (cm.) | Cases 
Female Singletons | | 
| 1 19-2 7 8-693 191 47 
1 2 | 20-0 7 9-901 186 75 
3 | 28-2 7 9-631 186 40 | 
4 | 22-9 10 10-426 | 281 20 | 
| 1 24-4 7 11-080 195 42 | 32°6 0-26 82-7 0-65 42 
2 2 24:7 6 11-222 168 75 | 32-8 0-17 83-2 0-43 74 
3 25°9 6 11-761 154 38 | | 0-53 37 
4 27°5 10 12-500 295 19 | 34-0 0-27 | 86:4 0-68 19 
1 28-8 9 13-096 254 44 | 36:0 | 0-90 91-5 2:28 44 
3 z |} 28-9 7 | 13°125 186 73 | 35-9 | 0:47 91-2 1-20 73 
3 ' 30-5 | 8 | 13-864 236 38 36-7 | 72 93-1 1-82 38 
+ | Se: | 13 14-773 376 19 | 37°5 | 1-28 | 95-2 | 3-24 | 19 
; | a? | 14-886 | 304 44 | 38-9 1:03 | 98:7 | 2-62 | 42 
4 2 52:5} 8 14-773 218 71 | 38°7 0-61 | 98-2 | 1°56 | 71 
3 34-4 11 | 15-623 313 35 | 39°6 0-89 | 100°5 | 2-27 | 35 
+ | 37-3 18 | 16-960 | 499 19 | 40-3 | 1°52 | 102-4 | 3-86 | 19 
Female Twins | | | 
1 18-1 8 8-239 213 30 | | 
1 2 20:0 | 13 | 9-091 367 32 | | 
3 | 21-4 | 6 | 9-716 181 36 | | | 
4 | 23:7 | 11 10-767 318 5 
1 | 23-3 | 8 | 10-597 227 30 31-8 0-26 | 80-7 | 0-65 28 
2 2 24-4 | 10 | 11-080 286 28 32-4 0-28 | 82-3 | 0-71 28 
3 | 25-9 6 | 11-790 168 33 33-2 0-25 | 84:4 | 0:63 32 
4+ 29:1 7 | 13-239 191 5 34-4 1-50 87-5 | 3-70 3 
1 27:8 | 11 | 12°614 313 28 35-3 1:02 | 89-6 | 2-58 28 
3 2 28-1 | 11 | 12-756 299 27 35°4 0-92 | 90:0 | 2-34 27 
3 30°2 | 8 | 13°722 222 33 36-5 0-86 92-8 | 2-19 | 33 
4 35-0 | 25 | 15-909 699 5 37°8 1:20 | 95-9 | 3-10 | 5 
1 31-4 13 | 14-290 358 28 37-8 1-09 | 96-0 2:77 | 28 
4 2 32-1 12 | 14-602 340 27 38-5 0-89 97-7 2°27 27 
3 34-8 10 | 15-795 290 33 39-5 0-91 100-5 2-30 33 
| 4 39-4 | 36 | 17-899 1,016 5 41-0 1-36 | 104-1 3-46 5 
* Birth weight, lb. oz. (g.): 1 = 4-8 and under (2,045 g. and under) 3 = 5-9-7-8 (2,501-3,409 g.) 
2 = 4-9-5-8 (2,046-2,500 g.) 4 = 7-9 and over (3,410 g. and over) 
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TABLE 3: MEAN WEIGHT AND HEIGHT INCREMENTS OF MALE SINGLETONS AND TWINS AT AGES 1-4 YEARS 


Weight Increment 


Height Increment 


Age Birth 
(yrs) Weight S.D. S.D. No. of S.D. S.D. No. of 
(Ib.) (oz.) (kg.) (g.) Cases (in.) (in.) (cm.) (cm.) Cases 
Singletons 
1 15-7 6 7-121 172 53 
1 2 15-9 4 7:212 127 62 
3 15-9 9 7-212 245 26 
4 15-4 7 6-985 186 30 | 
| 1 20-9 7 9-480 186 52 15-3 0-35 38-9 0:90 | 52 
2 2 20-4 5 9-253 145 63 14-9 0-19 37-9 0-47 | 63 
3 20-5 8 9-299 236 26 14-4 0-36 36-5 0-91 =| 26 
4 20-1 9 9-117 245 30 13-9 0-25 35-4 0-63 | 27 
1 25-3 7 11-476 200 49 18-9 0-62 48-0 1-58 | 49 
3 2 24-7 6 11-204 159 63 18-3 0-57 46-4 1-44 63 
| 3 25-2 10 11-431 277 26 17-5 1-00 44-8 2°53 | 25 
| 4 24-5 10 11-113 281 28 17-1 0-85 43-4 2-16 27 
| 1 29-3 9 13-290 259 45 21-7 0-88 55-0 2-23 | 45 
4 2 28-6 7 12-973 204 60 21-1 0-63 53-7 1:59 | 60 
29-6 12 13-426 331 24 20-8 1-10 52-7 2:79 | 24 
| 4 28-9 13 13-109 367 29 19-8 0-82 50-4 2:09 | 29 
Male Twins | | 
| 1 14°7 8 6-600 222 25 | | 
1 2 15-5 10 7-031 272 28 | 
3 16-1 6 7-303 163 39 | 
+ 15-0 9 6-804 268 6 | | 
1 19-5 8 8-845 240 27 15-2 0-28 38-6 0-71 24 
2 | 2 20-4 rf 9-253 204 28 14-6 0-30 37-0 0-77 28 
| 3 21-4 8 9-707 222 39 14-5 0-25 36-9 0-63 38 
| o 20-3 19 9-208 535 5 13-1 0-42 33-4 1-07 5 
1 | 24:3 11 11-022 304 25 18-7 1-57 47-5 3:99 | 25 
3 2 | 24-5 9 11-113 268 28 18-0 0:97 45-7 2-46 28 
3 25-7 9 11-657 254 36 17-8 0-85 45-2 2-16 36 
| 4 | 26-9 10 12-202 295 3 17-2 2-79 43-7 7-09 3 
| 1 | 28-0 11 12-701 304 25 21-4 1-60 54:5 | 4:07 | 25 
4 2 | 28-0 9 12-701 268 27 20-8 1-02 52:7 | 2-74 27 
| 3 | 29-6 10 13-426 295 36 20°4 0-89 51-9 | 2:27 36 
| 4 | 28-7 35 13-018 | 993 4 19-3 2-50 49-0 | 6-36 4 


TABLE 4: MEAN WEIGHT AND HEIGHT INCREMENTS OF FEMALE SINGLETONS AND TWINS AT AGES 1-4 YEARS 


Weight Increment 


Height Increment 


Age Birth 
(yrs) Weight S.D. S.D. No. of S.D. S.D. No. of 
(Ib.) (0z.) (kg.) (g.) Cases (in.) (in.) (cm.) (cm.) Cases 
Female Singletons | 
1 15-5 4 7-031 104 47 | 
1 2 15-2 5 6:°895 136 75 
3 14-4 6 6-532 172 40 | | 
4 14-9 12 6-759 327 20 | 
1 20-3 11 9-185 308 42 15-6 0-25 39-5 0-64 42 
Z 2 19-6 5 8-890 154 75 14-5 0-18 36°8 0-45 74 
3 19-1 6 8-664 181 38 15-0 0-28 38-0 0-72 37 
4 19-3 10 8-754 281 19 13-7 0-26 34-9 0-66 19 
1 25:1 9 11-385 245 44 18-9 0-90 48-0 2-28 | 44 
3 2 23-8 6 10-795 172 73 17-9 0-61 45-4 1°56 | 73 
3 24-1 9 10-932 263 38 17-2 0-79 43-7 2-00 38 
4 24-3 13 11-022 367 19 17:1 1-27 43-5 3-22 19 
1 29-1 10 13-200 295 44 21-8 1-00 55-3 2-55 42 
4 2 27°4 7 12-428 204 71 20°5 0-62 52-0 1-58 71 
3 27°6 11 12-519 299 35 20-0 0-99 50-9 2-52 35 
4 29-1 17 13-200 481 19 19-9 1-52 50-6 3-87 19 
Fe ale Twins 
1 14-4 7 6-532 209 30 
i 2 15-1 8 6-849 218 32 
3 15-1 7 6:849 186 36 
4 15-6 9 7-076 263 5 
1 19-4 8 8-800 218 30 15-0 0-26 38-1 0-67 28 
2 2 19-4 10 8-800 286 28 14-3 0-31 36-3 0-79 28 
3 19-6 6 8-890 163 33 13-7 0-30 34-9 0:77 | 32 
4 21-3 6 9-662 163 5 14-5 0:37 36-9 0:94 | 5 
| 1 23-9 11 10-841 299 28 18-1 1:19 | 46-1 3-02 28 
3 2 23-0 11 10-433 299 27 17:3 1-12 43-9 2-84 27 
3 23-8 7 10-795 209 33 17-0 1-07 43-2 2-72 33 
4 23 12-202 653 17:2 1-12 43-8 2-85 5 
1 27°6 11 12-519 299 28 21-0 1-20 53-2 3-16 28 
4 2 27:1 12 12-292 336 27 20°5 1-44 52-0 3-65 27 
2 28-4 10 12-882 272 33 20:1 1-07 50-9 2-73 33 
4 31-3 34 14-175 966 5 20:5 1-13 52-0 2-87 5 
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each age mean weight is related to birth weight, and 
the prematurely born show little tendency to over- 
come their initial weight handicap. In general, 
the highest weight increments for singletons are 
recorded for those who were 44 lb. or less at birth. 
At ages 3 and 4 the lowest increments are those in 
the 44 to 54 lb. group. This group includes a 
preponderance of small full-term children, and the 
significance of this is discussed in a later section. 
At 4 years there is an excess in mean weight incre- 
ment for those over 54 lb. at birth, as compared 
with those who were 54 Ib. or less, amounting to 
5 oz. for boys and 1 oz. for girls. This small 
difference has no practical or statistical significance. 
One may say that for the total premature group the 
singleton is as far behind in actual weight at 4 years 
as he was at birth. 

Amongst twin births there is quite a marked 
difference in four-year weight increment by birth 
weight, increment being greater for those over 
54 lb. by 1-5 lb. for boys and 1-4 lb. for girls. 
This difference is statistically significant (p <0-02). 
For all birth weight groups twins are lighter at 
4 years, as compared with singletons, the difference 
being most marked in those who were 44 Ib. or less 
at birth. In this group twin boys are 1 lb. lighter 
than singletons, and twin girls 1-3 Ib. lighter. 

At 4 years larger weight increments are recorded 
for boys than girls, amounting to 0-75 lb. for pre- 
mature and just over 1 lb. for maturely born 
singletons, and 0-75 lb. for twins of all birth weights. 
At 6 months the excess male weight increment for 
singletons was 11 oz. for premature and 18 oz. for 
maturely born male singletons, and 7 oz. and 14 oz. 
for premature and maturely born male twins. The 
difference in weight gain between the sexes at 4 years 
is almost identical. Falkner (1958) noted that rate 
of growth was very similar for singleton boys and 
girls up to the age of 3 years, except for an excess 
male weight gain in the first three months. 

Mean measurements of height show that at 
4 years of age the prematurely born are still shorter 
than the mature controls by between 1 and 14 inches. 
However, in all groups of male and female singletons 
and twins, height increments are related inversely 
to size at birth. There appears to be a definite 
tendency for those smallest at birth to reduce their 
initial height handicap more quickly than their 
weight handicap, and at 4 years they tend to be 
underweight, as compared with mature controls of 
like height. 

Height increments are approximately equal for 
boys and girls, being 21-4 and 21-0 in. for male and 
female premature singletons at 4 years, and 20-3 
and 20:0 in. for male and female mature singletons, 


giving an excess height increment of 1 in. in the 
premature group. Likewise, increments for male 
and female twins who were 54 lb. or less at birth 
are 21:1 and 20-7 in. respectively and for twins 
over 53 lb., 20-3 and 20-1 inches. 

At 4 years boys are approximately 0-5 in. taller 
than girls, in both premature and mature groups, 
as they were at birth. 


The Effect of Environment on Rate of Growth 


The analysis of weight and height measurements 
at 2 years showed that rate of growth was related 
to such environmental factors as maternal efficiency, 
diet and illness, the effect being more marked in 
those who were prematurely born than in mature 
children from similar types of home. 


Maternal Care. Tables 5-8 show mean weight 
and height increments at 4 years for singletons and 
twins in three birth weight groups by the estimated 
efficiency of their mothers. Tables 5 and 6 also 
give the proportion of mothers in each birth weight 
group who were considered to be giving the child 
good or very good (1), average (2), or poor (3) care. 
These assessments are entirely subjective, but are 
considered to be valid comparisons of different 
standards of care within the group, as the assessments 
have all been made by the same observer within the 
child’s own home. Where maternal efficiency is 
graded 1, the children are well fed, adequately 
clothed, sensibly handled and enjoy a _ regular 
routine. The houses are clean and reasonably well 
equipped. Cases graded 2 are those where maternal 
care is unsatisfactory in some respects, but not 
markedly so, the cause usually to be found in cir- 
cumstances outside the mother’s control, such as 
inadequate housekeeping allowance, a large family 
of young children, an unsatisfactory husband, poor 
housing or poor maternal health. Where maternal 
care is graded 3 the home environment is obviously 
unsatisfactory as regards diet, cleanliness and routine. 
In many cases these mothers are of limited intelli- 
gence, and receive little support from their husbands. 

Among singletons standards of care were markedly 
higher in the mature control group. Three- 
quarters of these mothers were considered to be 
giving good care, compared with about one half 
in the two premature groups. The average standard 
of care was lower for twins in all groups, and shows 
little difference by birth weight. The reason appears 
to be two-fold. Some mothers who could manage 
a single baby satisfactorily are less able to cope with 
twins. This was felt to be the case especially with 
young mothers, following a first or second preg- 
nancy. There was also an excess of older mother: 
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TABLE 5 


MEAN FOUR-YEAR WEIGHT INCREMENTS BY MATERNAL CARE (SINGLETONS) 


Birth Weight 
A B Cc 
(4 lb. 8 oz. and under) (4 lb. 9 0z.—5 Ib. 8 oz.) (5 lb. 9 oz. and over) 
Maternal 
Care Receiving Weight Receiving | Weight Receiving Weight Difference 
Different Care Increment Different Care Increment Different Care Increment A-C 
Ce Ib. oz. (%) | Ib. oz. (%) Ib. oz. Ib. oz. 
| 56-2 302 51-9 73-8 | 2 6 + 8 
2 29-2 28 6 26-0 27 0 14-1 | 26 9 +1 13 
3 14-6 27 2 22:1 26 3 12-1 | 27 10 — 8 
Difference 1-3 3 | | 2 8 | 4 12 
| | 
No. of Cases | 89 | | 131 | 109 | 
TABLE 6 
MEAN FOUR-YEAR WEIGHT INCREMENTS BY MATERNAL CARE (TWINS) 
| Birth Weight 
A B Cc 
| (4 lb. 8 oz. and under) (4 lb. 9 oz.—5 Ib. 8 oz.) (5 lb. 9 oz. and over) 
Maternal Receiving Weight Receiving Weight Receiving Weight | Difference 
Care | Different Care Increment Different Care Increment Different Care Increment A-C 
(%) Ib. oz. (%) Ib. oz. yA 1 oz. Ib. oz. 
1 | 49-0 44-5 | 2 14 51-3 4 + 1 
2 | 20°8 P| 6 33-3 | 26 5 17-9 30 14 —3 8 
3 30-2 25 10 22-2 | 26 13 30-8 27 15 —2 5 
Difference 1-3 | | 3 11 | 2 1 1 5 
No. of Cases | 53 | 54 | 78 
TABLE 7 TABLE 8 


MEAN FOUR-YEAR HEIGHT INCREMENTS BY MATERNAL 
CARE (SINGLETONS) 


MEAN FOUR-YEAR HEIGHT INCREMENTS BY MATERNAL 


CARE (TWINS) 


| Mean Height Increment (in.) Mean Height Increment (in.) | 
| Birth Weight Birth Weight 
Maternal Difference 
Care oA | B Maternal A B C Difference 

| 4lb.8 oz. | 4 1b. 9 0z.-| 51b.9 oz. Care 4lb.80z. | 41b.9 0z.-| 51b.9 A-C 
| and under! 5lb.80z. | and over and under | 51b.80z. | and over 

1 | 21-9 21-2 20-5 1-4 1 21-9 21-3 20-5 | 1-4 

2 22-0 20:5 19-5 2 21-6 20-3 20-8 0-8 

3 | 20:7 20:1 19-1 1-6 3 19-7 19-7 19-5 | 0:2 

Difference 1-3. 1-2 1-1 1-4 Difference 1-3 2-2 | 1-6 1-0 


th four or more other children in the twins’ group, 


* compared with singletons. 


This was particularly 


in those twins over 54 lb. at birth, and accounts 
* the lower average standard of care of maturely 


rn twins. 


It was shown in a previous paper 


rillien, 1959b) that in general maternal care 


‘eriorated with increasing size of family. 


Mean weight increments of singletons decrease 
h declining maternal standards in all birth weight 
oups, the effect being most noticeable in those 
allest at birth. There is a difference of 3 Ib. 
mean four-year weight increment between those 


children receiving the best and worst care who were 
smallest at birth, compared with 1} Ib. in the mature 
control group. 

Weight increments are biggest for those who were 
43 lb. or less at birth, except for those receiving the 
poorest care, and tend to be smallest in the 43-54 Ib. 
birth weight group. 

In the twin group lower mean weight increments 
are also recorded for less satisfactory care, especially 
in those who were 44 Ib. or less at birth. Here the 
difference between those receiving the best and worst 
care is 33 lb. Only in the group receiving the best 
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care are increments highest for those smallest at 
birth. Increments are approximately equal for 
twins and singletons receiving like care whose birth 
weights were over 44 lb., but in the smallest birth 
weight group increments for twins are less for all 
grades of care. 

Mean height increments are also related to 
maternal care for both singletons and twins, the 
effect being most marked in those twins smallest 
at birth. Here there is a difference of 2:2 in. 
between those receiving the best and worst care. 
In all maternal care groups mean height increment 
increases with decreasing birth weight, this being 
more noticeable for singletons. 

From these figures it appears that weight and 
height at 4 years are related both to birth weight 
and maternal care. The effect of poor maternal 
care is most marked in those who were smallest at 
birth, and affects twins more than singletons. Small 
prematurely born children receiving poor care tend 
to be not only shorter and lighter, but also under- 
weight for their height. 


Incidence of Illness. The incidence of medical 
illness during the third and fourth years of life has 
been scored to take into account the number of 
disease incidents and the severity of these episodes. 
The reporting of illness is not thought to be as 
accurate during this age period as it was in the first 
two years of life. In most cases the interval 
between visits has been 12 months instead of six. 
There is probably considerable under-reporting in 
the poorest homes, especially of less serious con- 
ditions. After the age of 2 the poorer types of 
mothers are more likely to ignore such episodes as 
sore throats, diarrhoea, and feverish colds, whereas 
the mother from a superior working class or middle 
class home continues to seek medical aid. Incidence 
of illness has been graded as (1) little or none, 
(2) some, and (3) more frequent. 

Tables 9 and 10 give mean weight and height 
increments at 4 years for these illness grades, by 
birth weight, in singletons and twins. The reported 
incidence of illness was approximately the same for 
singletons of all birth weights and twins over 44 lb. 
at birth. The smallest twins had a significantly 
higher incidence of frequent illness, being more 
than twice as high (36%) than for singletons of like 
birth weight (17%). Smaller weight and height 
increments are recorded for singletons who were 
43 lb. or less at birth and all birth weight groups 
of twins, as incidence of illness increases. In 
singleton groups over 44 lb. at birth recorded 
increments at 4 years were higher for those who 
were said to have had more illness, though 
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the differences between illness grades are nit 
significant. 

Incidence of illness is correlated with matern il 
care, although not to the same extent as in the fir it 
two years of life, and it is likely that the apparent 
effect of illness is a reflection of the child’s totil 
environment. Compared with the age period fro.n 
birth to 2 years, fewer children suffered constaiit 
ill health. 

In the Newcastle study (Miller et al., 1960) a 
significant correlation was found between stature iit 
3 years and the incidence of severe respiratoiy 
infections, although this was practically limited 
to children having four or more illnesses. These 
authors point out that the incidence of severe 
respiratory disease is itself correlated strongly with 
adverse environmental conditions, and suggest that 
a common factor is likely to explain both the small 
stature and increased frequency of illness. 

In the two-year growth analysis (Drillien, 1958b) 
it was shown that prematurely born singletons from 
the best environment had very nearly caught up, 
both in weight and height, with the total mature 
group by 2 years, but twins who were 43 Ib. or 
less at birth were still substantially behind those over 
this birth weight in both weight and height. Tables 
11 and 12 give mean weights and heights and weight 
and height increments at 4 years for ‘selected’ 
prematures (i.e. those receiving the best care and 
having no more than a moderate amount of illness), 
as compared with ‘selected’ maturely born children 
and the total control group, for singletons and twins. 
The mean height of the mothers is also given. At 
4 years the ‘selected’ prematurely born are still 
lighter and shorter than the maturely born. The 
difference in weight of singletons is greater than at 
2 years. The smallest prematures are now 2 Ib. 
lighter than the mature controls, compared with 
14 oz. at 2 years. Those between 4} and 53 Ib., 
are nearly 3 Ib. lighter than the matures. It is 
noticeable that the average height of mothers in this 
group is approximately 1 in. less than for the other 
two groups. In a previous study of the social 
aetiology of prematurity (Drillien, 1957) it was 
shown that, whereas, in the mature control group, 
height of mother was positively correlated with 
weight of baby, in the premature group the relation- 
ship was reversed. It was concluded that babies 
classified as premature on a weight basis were a 
mixture of two categories, early and small full-term. 
The mothers of the latter were significantly shorter 
than those with early babies. In height the pre- 
maturely born are about | in. shorter than the contrc! 
group, which is rather more than at 2 years. Th: 
differences at 4 years between twins who wei* 
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TABLE 9 
MEAN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS (SINGLETONS) BY FREQUENCY OF ILLNESS 


| 


| Birth Weight 
- 4 lb. 8 oz. and under | 4 Ib. 9 oz.-5 lb. 8 oz. 5 lb. 9 oz. and over 
ness | 
Grade Weight | Height Weight Height | Weight Height 
Increment | Increment Increment Increment | Increment Increment 
| Ib oz | (in.) Ib. oz. | (in.) | oz. (in.) 
1 30 9 | 21-5 27 7 20-8 28 7 20-2 
2 28 14 21-6 27 15 | 20-7 28 1 19-9 
3 | 27 | 20-9 28 «13 | 20-9 29 «9 20-5 
Difference 1-3 | | 0-6 | ~0-1 | 2 


TABLE 10 
MEAN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS (TWINS) BY FREQUENCY OF ILLNESS 
Birth Weight 
si 4 lb. 8 oz. and under 4 Ib. 9 oz.-5 Ib. 8 oz. | 5 lb. 9 oz. and over 
ness 
Grade Weight Height Weight Height | Weight Height 
Increment Increment Increment Increment Increment Increment 
Ib. oz. (in.) Ib. oz. (in.) Ib. oz. (in.) 
1 29 4 22-2 28 4 21-1 | 29 14 20-4 
2 28 10 21-8 27 12 20-9 29 1 20-4 
3 25 10 19-6 25 12 19-1 | 28 13 19-8 
Difference 1-3 | 3 0 | 2-6 2 8 2-0 | 1 1 | 06 
TABLE 11 TABLE 12 


MEAN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS 
FOR ‘SELECTED’ PREMATURES AND MATURE 
CONTROLS (SINGLETONS) 


MEAN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS 
FOR ‘SELECTED’ PREMATURES AND MATURE 
CONTROLS (TWINS) 


| Selected 


Selected 
Birth Weight | Birth Weight | 
Mean Total Mean | Total 
4lb. 8 0z. | 4lb. 9 oz.- 51b.90z. | Mature | 8 0z. | 41b. 9 oz.- | 5lb.90z. | Mature 
and under | 51b. 8 0z. | and over and under | 51b.80z. | and over 
Birth weight 5-2 | 76 Birth weight 3-9 5-2 | 68 6°6 
Weight at 4 years .. 33-3 | 36:6 36-2 Weight at 4 years .. ao 35-7 
Weight increment .. 30-5 28-4 | 29:0 | 28-6 Weight increase . 29-6 28-7 | 29-4 29-1 
Height at 4 years(in.) 39°4 | | 40-4 | 40-2 Height at 4 years(in.) 39-2 | | 40-3 39-9 
Height, mothers (in.) 63-3 | 62:2 | 63:4 | 63-0 Height, Mothers (in.) a> | G7 63-9 | 63-5 
| | 69 | 107 No. of cases | 2 | 23 | 35 | 2B 


No. of cases i 42 | 55 


uider or over 53 Ib. at birth are approximately 
tle same as for singletons, although at 2 years the 
sinallest twins were much further behind in weight 
aid height than singletons of like birth weight. 


It appears that at 4 years birth weight still has an 
eect on stature, and prematurely born children 
fiom the best homes are still smaller than the 
n aturely born, even when height of mother is taken 
it O account. Twins have overcome their disability, 
a compared with singletons; the smaller size of 
t) »se twins who were 443 Ib. or less at birth may be 
a ributed to the fact that the average height of the 
n >ther happens to be lower in this twin group. 


The Effect of Gestational Period on Rate 
of Growth 


At 2 years no significant correlation was found 
between length of gestation and weight and height 
increments. It might be expected that post-natal 
growth would be slower in those small babies born 
at or near term, often to mothers of small stature, but 
this was not demonstrable at 2 years. Douglas and 
Mogford (1953) failed to demonstrate any indepen- 
dent effect of gestation time on 4-year weight 
and height. However, in the Edinburgh study 
obvious differences had appeared by the age of 4, 
as shown in Table 13. In the birth weight group 


= 
| 
rom 
up, 
ture 
. or 
ver 
bles 
ight al 
ted’ 
lren 
ins. 
still 
The 
1 at 
Ib. 
vith 
1D:; 
this 
‘her 
up, 
vith 
a 
rm. : 
rel 
el? 


8 ARCHIVES OF DISEASE IN CHILDHOOD 


TABLE 13 


MEAN FOUR-YEAR WEIGHTS AND HEIGHTS FOR 
CHILDREN 53 LB. OR LESS AT BIRTH, 
BY GESTATION PERIOD 


Birth weight 
Mean Gestation | 
(weeks) | 41b. 8 oz. 4 Ib. 9 0z.- 
| and under | 5 Ib. 8 oz. 
Weight at 4 years ..| 37orless | 34:5 34-9 
| 38 or more | 33-8 | 32°5 
Height at 4 years (in.) | 37 or less 39-2 39-7 
| 38 ormore | 39-0 
Height, mothers (in.) | 37orless_ | 63°3 62:2 
38 or more | 63-4 } 62:2 


43 lb. or less, 83% of mothers gave the gestation 
time as being 37 weeks or less. In the group 
43-53 lb. the estimated gestation time was 38 weeks 
Or more in 55% of cases. These small full-term 
babies were 24 lb. lighter at 4 years and 0-75 in. 
shorter than babies of like birth weight whose 
estimated gestation time was less than 38 weeks. 


The Effect of Parental Heights 


In the 2-year growth analysis it was found that 
rate of growth was affected not only by environ- 
mental factors but also by genetic factors, as deduced 
from parental heights. Genetic and environmental 
factors were intercorrelated to quite a high degree, 
and the technique of correlation and regression 
analysis was used to disentangle the relative con- 
tribution of different factors. It was then found 
that genetic and environmental factors were of 
approximately equal importance in their influence 
on growth, whether measured by height or weight 
increment at 2 years. 

Table 14 gives first order correlation coefficients 


between weight and height increments at 4 years 
and maternal care, and between these incremer ts 
and maternal height, for singletons and twins n 
different birth weight groups, with the levels f 
significance of these coefficients. 

In general, the correlation coefficients betwe n 
rate of growth and the representative environment il 
and genetic factors are higher at 4 years than it 
2 years, the highest correlations being recorded for 
those who were smallest at birth, and being high:r 
for twins who were 53 lb. or less at birth than for 
singletons of like birth weight. As at 2 years, 
correlations between increments and maternal 
height are rather higher than those between incr-- 
ments and maternal care. However, it should be 
remembered that maternal heights are themselves 
environmentally determined in part. Baird and 
Illsley (1953) have pointed out that a mother’s 
height and physical grade are directly associated 
with her pre-marital environment. Baird (1959) 
also demonstrated an association between small 
stature and under-average intelligence in mothers. 

Table 15 gives the proportion of mothers who 
were short, medium, and tall in each maternal care 
group. In the group giving the poorest care more 
than half the mothers were 5 ft. 1 in. or less com- 
pared with less than a quarter of small mothers in the 
best care group. Table 16 gives mean weight and 
height increments at 4 years for children born to 
short, medium, and tall mothers in the three care 
groups, and demonstrates how rate of growth 
increases with height of mother, for all grades of 
care, and decreases with declining standards of 
care, for all heights of mother. The differences are 
greater by height of mother, but this does not neces- 


TABLE 14 


CORRELATION COEFFICIENTS BETWEEN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS AND 
MATERNAL CARE AND MATERNAL HEIGHT, FOR SINGLETONS AND TWINS 


Wale Correlation Coefficients Between Weight Increment and: 
eight ~ 
Ib. oz. Maternal Grade | p Maternal Height p 
4-8 and under 0-3045 <0-01 0-5215 <0-001 
Singletons 4-9-5-8 0-1905 <0-05 0: 3768 <0-001 
5-9 and over 0-2144 <0-05 0-1808 not significant 
4-8 and under 0-4483 <0-001 0:4517 <0-001 
Twins .. . 4:9-5-8 0-3028 <0-05 0-4919 <0-001 
5-9 and over 0-1411 not significant | 0- 3661 <0-01 


Birth 


Correlation Coefficients Between Height Increment and: 


Weight 

lb. oz. | Maternal Grade p Maternal Height p 
| 4-8 and under 0-2504 <0-02 0-5595 <0-001 
Singletons 4-9-5-8 0-2939 <0-001 0-2627 <0-01 
5-9 and over 0-1970 <0-05 0- 3688 <0-001 
: 4-8 and under 0-4461 <0-001 0-4561 <0-001 
Twins .. 4-9-5-8 0-3742 <0-01 0-2848 <0-05 
5:9 and over 0-2698 | <0-02 0-2520 <0-02 
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TABLE 15 


MATERNAL CARE BY HEIGHT OF MOTHER 


Height of Mother | 
Maternal Care 5 ft. 1 in. and under | 5 ft. 2 in. and 5 ft. 3 in. 5 ft. 4 in. and over | Total 
No. | No. No. | | No. % 
1 67 23-5 88 30-9 130 | | 100-0 
2 46 40-0 39 33-9 | 30 26-1 115 100-0 
3 56 54-4 | 23 24 23°3 | 103 | 100-0 
| 
TABLE 16 


MEAN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS BY MATERNAL CARE AND MATERNAL HEIGHT 


Maternal Height 


| 
| 


Difference C-A 


_A B | Cc 
5 ft. 1 in. and under 5 ft. 2 in.—-5 ft. 3 in. | 5 ft. 4 in. and over 
Mean Mean | Mean 
Maternal Care 
Weight Height Weight Height Weight Height Weight Height 
Increment | Increment | Increment | Increment | Increment Increment | Increment Increment 
Ib. oz. (in.) Ib. oz. | (in.) | Ib. oz. | (in.) | Ib. oz. | (in.) 
1 27 20-3 2 6 | 210 | © 3 | 2? | 2 9 | 14 
2 26 20-3 | 2s 20-8 28 12 ~=«#*| 21-6 2 10 | 1-3 
3 25 13 | 19-3 | a | 20-3 28 8 | 20-4 | 
| 
Difference 1-3 1 7 | Iu | 1-3 
| 


sarily mean that rate of growth is affected more by 


exhibited feeding problems as shown in Table 17. 


parental height than by environment. Height can Mean increments are given, by maternal grade, as 


be measured accurately, whereas even the best 
estimate of maternal care must be considerably 


the incidence varies with grade, being highest with 
those mothers giving the best maternal care. 


The 


less accurate. question of feeding problems will be considered 
Heights of fathers show similar correlations with more fully in a later paper. 

rate of growth, although these tend to be lower 
than those for maternal height. This would be 
expected as the fathers were not measured but 
merely asked to state their height, and these esti- 
mates are likely to be less accurate. It was shown 
in the previous paper on growth that father’s height 
is quite highly correlated with mother’s height, and 
also with maternal efficiency. 


Summary 

A statistical analysis is presented of a study of 
physical growth in the age period 2 to 4 years, in 
a group of 500 children of varying birth weight. 
The following conclusions were reached: 

At 4 years mean weights for the total premature 
group and mature group are closely related to birth 
weight for singleton births. 

Rate of Growth In the premature group the highest weight incre- 
ments are recorded for those who were smallest at 


‘.eference has been made in a previous paper  pirth, and the lowest for those who were between 
(Drillien, 1959c) to feeding problems in the first 44 54 


twc years of life, defined as refusal to eat or excessive 
fad liness, lasting for three to six months or longer. TABLE 17 

i i ; MEAN FOUR-YEAR WEIGHT AND HEIGHT INCREMENTS 
No difference could be demonstrated in weight RITE FOOD FADS 
or eight increments at 2 years between those who 
hac or had not exhibited feeding problems, even | —ee 
wh: 1 the refusal to eat had been prolonged. 


The Effect of Feeding Problems on 


I uring the age period 2 to 4 years about 16% Maternal | peste | - cine 
of \e total group exhibited feeding problems lasting ,,Weight | 
for six months or longer (the incidence was 15% | Ib. oz. | (in.) | Ib. oz. Cin.) 
dur 1g the first two years of life). At 4 years some 1 2 | 20-5 | 29 9 | ~~ 21:3 
0b\ dus difference was found, particularly in weight 3 | | | 


inc ment, between those who had or had not 
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For twin births significantly smaller weight 
increments are recorded for those less than 54 lb. 
at birth, compared with those over this weight. In 
all birth weight groups lower increments are recorded 
for twins than for singletons. 

Larger weight increments are recorded for both 
singleton and twin boys, as compared with girls. 
This is largely accounted for by excess male weight 
increments in the first six months of life. 

At 4 years the prematurely born are still between 
1 and 14 in. shorter than the mature controls, 
although increments for all birth weight groups of 
singletons and twins are inversely related to birth 
weight. Height increments are approximately equal 
for boys and girls. At 4 years the prematurely 
born tend to be lighter and shorter than the controls, 
and also underweight for their height. 

The following different factors have been shown 
to have an effect on rate of growth: 

(a) Maternal care. Lower weight and height 
increments are recorded in all birth weight groups 
as standards of maternal care deteriorate. The 
effect of poor care is most marked on those who 
were smallest at birth and on twins of all birth 
weights. 

(b) Morbidity. Smaller increments are recorded 
with increasing frequency of illness for singletons 
who were less than 43 lb. at birth and for twins. 
Recorded incidence of illness is considered to be a 
less sensitive index of total environment during the 
2 to 4 year age period than it was during the first 
two years of life. Those prematures receiving the 
best care and having little illness show larger growth 
increments, but are still behind the mature controls 
at 4 years. 

(c) Gestation period. Those children of birth 
weight 43-54 lb. who were born at or near term 
were both shorter and lighter at 4 years thanchildren 


of like birth weight who were premature by gestati )n 
as well as by weight. The average height of mott er 
was | in. less for children between 43 and 53 b. 
than for children below and above this birth weig):t, 
smaller mothers being more likely to have smill 
babies at term. 

(d) Parental height. Rates of growth are sig: i- 
ficantly correlated with parental heights, as well 4s 
with maternal care. Environmental and gene‘ic 
factors are considered to be of about equal impcr- 
tance in their effect on rate of growth. 

(e) Feeding problems. Prolonged feeding pro- 
blems during the age period 2 to 4 years appeared 
to have a definite effect on weight and a lesser effect 
on height. 


I am indebted to the Scottish Hospital Endowments 
Research Trust, who have given an expenses grant. 

It is a pleasure to thank Professor R. W. B. Ellis for 
his advice and encouragement throughout. 

This investigation is being carried out during the 
tenure of a Senior Fellowship of the Mental Health 
Research Trust Fund. 
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DISORDERS OF 
SPOKEN LANGUAGE IN YOUNG CHILDREN* 


BY 


MARY D. SHERIDAN 
Medical Officer, Ministry of Health 


(RECEIVED FOR PUBLICATION APRIL 22, 1960) 


A number of papers by British authors concerning 
defects of speech in childhood have recently appear- 
ed, notably those of Worster-Drought (1957), to 
whom all workers in this field owe an outstanding 
debt, Morley, Court and Miller (1955), Walker and 
Languth (1956) and Ingram (1959). This paper is 
concerned with disorders of spoken language in 
young children. 


Definition of Terms 


The relevant terminology is confused. In a 
previous paper (Sheridan, 1959), I offered my own 
definitions. Language is the symbolization of 
thought in speech, gesture or writing for the purpose 
of interpersonal communication. Speech is the 
use Of systematized vocalizations to express verbal 
symbols or words. Hearing is the reception of 
sound by the ear and its transmission to the primary 
auditory area of the cortex. Listening is the act of 
paying attention to the sounds received with the 
object of interpreting their meaning. J/nterpretation 
of spoken language depends upon previous /earning, 
that is upon the gradual building up of an efficient 
memory register, to which incoming words can be 
referred for matching, i.e. recognition, and from 
which needed words can be summoned at will, 
i.e. recall. 

3etween infants and their mothers a prelinguistic 
in'erpersonal communication can be seen which 
ex resses itself in clinging or nestling, in resistive 
stifening or furious bodily activity and in un- 
or ‘:anized but emotion-charged vocalizations. It is 
coicerned with the direct expression of basic 
fe ‘ings and needs. Later the non-speaking toddler 
pt Is his mother where he wishes her to go, places 
he hand on an object he desires, points urgently 
w 4 his finger, smiles, strokes her face caressingly, 
0: throws a tantrum. This primitive form of 
cc amunication deserves closer study than it has 
ye received, because when symbolic language fails 


* A paper read to Paediatric Section of the Royal Society of 
Mé icine, February 26, 1960. 
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him the child must resort to it in order to maintain 
contact with his fellow beings. 


Spoken Language 


Spoken language implies communication between 
two brains, or rather two minds. Without entering 
into discussion concerning the age-old problem of 
the relation of brain to mind, it can be agreed that 
mental processes are in some way mediated in the 
brain. The brain also controls the functional 
activity of the organs which produce sounds of 
speech and those which receive sounds made by 
other people. The function of the brain with regard 
to spoken language is, therefore, threefold, to 
receive, to interpret and to express. 

Reception depends primarily upon hearing. 
Unlike the eye, the ear can never ‘close down’, nor 
has it any power of selection, but must transmit 
to the first auditory station in the temporal lobe, 
through a complicated chain of connexions, what- 
ever medley of sounds is received by the cochlea. 
From then onwards the mind takes charge. Having 
decided to listen it proceeds to select the significant 
or ‘foreground’ speech elements from the general 
background of noise, arranges them in orderly 
groups and finally in the light of intellect and the 
warmth of emotion interprets their meaning. 
Interpretation depends upon many stored memories 
not only of the verbal symbols themselves and of 
the people, objects, activities and trains of thought 
which they represent, but also of the countless 
emotions which invest them. As we go through 
life, every spoken word adds to its fundamental of 
meaning many overtones of implication. Expression 
is inaugurated by the mind’s decision to reply, after 
which comes the marshalling of relevant ideas and 
their formulation in language, then the appropriate 
kinaesthetic assembly, and finally, the motor im- 
pulse which puts the required muscles in action to 
produce results in time, tune and stress. The process 
is not yet over, however, because as the listener 
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receives his message, the speaker simultaneously 
receives a feed-back into his own central nervous 
system of a host of stimuli, auditory, vibratory, 
kinaesthetic, visual, emotional and thought-pro- 
ductive. 

Whether or not these mental steps have neuro- 
logical equivalents, we know from experience that 
delay or blocking can occur at any one of these levels 
as a result of functional preoccupation or structural 
disablement. The received patterns of vocal sounds 
may be imperfect; willingness to listen may be 
absent; ability to comprehend may have been lost and 
so on. 

In their recent book, Speech and Brain-mechanisms, 
Penfield and Roberts (1959) have described three 
regions in the cortex of the dominant hemisphere 
(usually the left) which they have outlined with 
electrodes, and which they believe to be concerned 
with ‘ideational speech’. They consider that the 
‘interpretative cortex’ is adjacent to the 3rd or 
posterior of these speech areas, i.e. is situated in the 
temporal and inferior parietal regions. They 
further report: 

‘In a child a major lesion of the posterior 
speech cortex would produce a transfer of the 
whole speech mechanism to the opposite hemi- 
sphere. Examples of completely successful trans- 
fer of speech mechanisms from the left to the 
right hemisphere of children under three or four 
years of age are numerous. The upper age limit 
is not certain...” 

and, of great interest to those concerned with the 
special learning difficulties of brain-injured children, 
they consider the lesions of the corresponding area 
in the non-dominant hemisphere are associated with 
‘loss of awareness of the body scheme and of the 
spatial relationships around him’. 


The Acquisition of Spoken Language 


The normal acquisition in early childhood of all 
the biologically determined skills, i.e. locomotion, 
manipulation, visual discrimination, listening, speak- 
ing and social adjustment, depends upon timely 
opportunity to explore, experiment with and learn 
to understand the world around him, and to realize 
how he relates to other people. Upon these spon- 
taneously acquired skills the later attainment of all 
voluntarily acquired expertise depends. The child 
instinctively recognizes this. During every moment 
of his waking day he is impelled to practise and 
improve his techniques. If, through congenital 
disability or environmental deprivation, the normal 
methods of learning and communication are not 
available to him, he must substitute whatever means 


are open to him or fail to develop his persona. ity 
and his intellect. 

This biological learning appears to reach its 
zenith in the first two or three years of life, ccn- 
currently with the rapid growth and maturation of 
the brain, and gradually tapers off by the age of 
6 or 7 years, after which habits of functioning app« ar 
to be firmly fixed. 

Richter (1959) has offered biochemical eviden:e. 
He describes a gradual change from one metabolic 
pattern to another as the ‘metabolism of grow:h’ 
is replaced by the metabolism of mature functionii:g, 

‘There are critical periods during which in the 
C.N.S. new enzymes appear, increase in activity 
and later decline . . . The normal development of 
nerve cells appears to depend on their receiving 
a sufficient amount of physiological stimulation 
during growth.’ 

Ritchie Russell (1959) has described the acquisi- 
tion of language in neurological terms. 

‘It is clear that the method first used in early 
childhood will probably persist throughout life 
so that the early months of life are the most 
important for the planning of the brain mechan- 
isms. Further, the neuronal patterns used to 
learn a word in early childhood will probably 
be the same as those used in old age.’ 

Although every child proceeds at his own pace, 
he must travel from one stage of development to the 
next by the same stepping-stones. The sensory 
stimuli from which the child learns are highly 
complex. They are composed of a dominant 
sensation and several supplementary ones. For 
instance, in learning a spoken word the child not only 
hears it but sees it on his mother’s lips and when he 
is held in her arms feels the vibration of its vocal 
resonance. He also hears the accompanying 
cadences of her voice and sees the expression on 
her face. The child with impaired hearing must 
rely more heavily than does the normal child upon 
these supplementary clues. 

The reasons for delay or failure in the develop- 
ment of spoken language are not easy to sort out. 
My own classification is a broad one but even so 
there is considerable overlapping. Nevertheless, 
I have found it useful in history-taking and in hope- 
fully guiding treatment towards the next develop- 
mental stepping-stone: 

Lack of opportunity to learn; 

Impaired hearing; 

Low intelligence; 

Delayed maturation of the central nervous system; 
Brain injury; 

Psychogenic disorders; 

Motor dysfunctions; 

Lesions of the peripheral speech organs. 


birth. 
is pot 
Withi 
the pr 
percel 
so thi 
heed 
and ¢€ 
select 
sever 
speak 
the tc 
cader 
him. 
near- 
with 
(195° 
or 
the 
recei 
ear, 
ed 
whic 
the s 
voca 
ing | 
diste 
acqt 
othe 
spea 
seris 
atte: 
mes: 
vari 
adv 
litt’: 
par 


his 
recupt 
Op} 
the gr 
K 

Spx 

du 

ab: 

sol 

mc 
j of 
cer 

Th 

\ 


a. ity 


| its 
n of 
e of 
pe ar 


wih’ 

the 
ivity 
it of 
Ving 
tion 


arly 

life 
nost 
lan- 
| to 
ably 


ace, 

the 
sory 
shly 
lant 
For 
1 he 
jing 

on 
lust 
pon 


lop- 
out. 
so 
ess, 
ype- 
Op- 


em; 


DISORDERS OF SPOKEN LANGUAGE IN YOUNG CHILDREN 


“his paper discusses some aspects of faulty 
reception and interpretation. 


(pportunity to Learn. The first of our duties to 
the growing mind is to provide it with stimulation. 

The normal baby reacts reflexly to sounds from 
birh. He hears, but cannot yet listen. His brain 
is potentially conscious but has everything to learn. 
Within a few weeks he shows signs of awareness of 
the person who takes care of him. The world he 
perceives gradually expands in space and in time, 
so that, at first capable of paying only momentary 
heed to happenings within a few inches of his eyes 
and ears, he is soon able to bestow prolonged and 
selective attention on objects and events within 
several feet. Literally he learns to feel, hear and 
speak on his mother’s knee. He comes to associate 
the touch of her hands, the sight of her face, and the 
cadences of her voice with the comfort she brings 
him. At 3 months his immediate response to the 
near-by human face is to smile, activate and vocalize 
with pleasure. As Rheingold, Gewirtz and Ross 
(1959) have shown, these vocalizations are reinforced 
or extinguished according to the vocal response of 
the adult. During the first year of life the child 
receives continual auditory stimulation close to his 
ear, at high decibel level, in words which are address- 
ed personally to him, and which concern events 
which affect him directly in the here and now. At 
the same time he is given strong encouragement to 
vocalize in return. This intensive individual coach- 
ing in the mother-tongue must be given at mother- 
distance and in the critical period if the child is to 
acquire fluency in the use of spoken language, 
otherwise the difficulties of learning to hear and 
speak are increased not only by diminution of 
sensory stimulus in time and space, but also by 
attenuation of emotional rapport. The emotional 
messages of speech depend upon countless delicate 
variations of vocal tune and stress. Before the 
advent of hearing aids, deaf children can have had 
litt'e conception of the emotional overtones accom- 
pa: ying vocal utterance. 


paired Hearing. The child speaks as he hears. 


f Sp::ch sounds in common with other varieties of 
soi id possess attributes of pitch, intensity and 


du ition. The human ear is capable of hearing 
ab: it 10 octaves in pitch. The speech range covers 
soi e 74 octaves from about 100 to 10,000 cycles 
pe: second. The frequencies below 1,200 provide 
mc t of the energy, resonance and emotional colour 


f of »seech, while those above 1,200 cycles are con- 


ed mainly with its intelligibility (Fry, 1957). 
Th chief characteristic components of the vowel 
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sounds are in the lower and middle speech frequen- 
cies, the sound /vo/ being the lowest in pitch and 
the sound /ee/ the highest. The chief components 
of the consonant sounds are in the middle and high 
frequencies. The fundamental notes of the nasal 
sounds /m/n/ng border on the low frequencies, 
the continuants /r///w/y are somewhat higher in 
pitch, the plosives /d/g/t/k still higher and the 
fricatures /v/f/th highest of all. The fundamental 
vowel pitch of a woman’s voice is about an octave 
higher than a man’s. Children’s voices are still 
higher. 

Vowel sounds possess the strongest decibel 
intensity as well as being lowest in pitch and are 
therefore responsible for the carrying power of 
speech. The consonants are weaker in intensity 
but more distinctive in character and are therefore 
chiefly responsible for intelligibility. The average 
speaker’s voice varies about 30 decibels in intensity 
between the vowel sound /aw/ which is the strongest 
and the voiceless consonant /th/ which is the 
weakest phonetic unit. 

The ability to comprehend spoken language 
therefore necessitates the capacity to hear and inter- 
pret a sequence of complicated sounds which vary 
rapidly by 73 octaves in pitch and 30 decibels in 
intensity, and of which the individual units endure 
only a fraction of a second. It will be obvious that 
impaired hearing over any part of the speech range, 
and particularly over the high (consonant-carrying) 
tones, will lead to delay in the development of 
speech. Severe loss over the middle and lower 
frequencies will prevent its spontaneous acquisition 
altogether. The danger of wrongfully deeming 
children with impaired hearing mentally retarded 
must never be forgotten (Sheridan, 1944). Provided 
the interpretative faculties are intact the young child 
can make excellent use of a very imperfect field of 
hearing, but ony if he is given expert auditory 
training, and an efficient hearing aid, in the critical 
period (Whetnall, 1956, 1958; Ling, 1959). The 
importance of following up all infants ‘at risk’, 
and of early diagnosis, cannot therefore be over- 
stressed (Ballantyne, 1959). The need to com- 
pensate for the period of auditory deprivation 
previous to diagnosis must always be explained 
to the parents. Otherwise they will be disappointed 
and perhaps fail to persevere because the child 
does not begin to speak immediately he is fitted 
with an aid. 

It will be obvious that the deaf child’s difficulties 
are enormously increased if his disability is associ- 
ated with a defect of central auditory perception. 
Such cases are fortunately rare although so-called 
‘oral failures’ may be found in most schools for the 
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deaf. But when it is established that a child is 
incapable of associating spoken words with meaning 
he must be given alternative methods of communica- 
tion, e.g. by writing, finger-spelling or gesture. 


Mental Retardation. Mentally backward children 
are always late in acquiring spoken language. 
Their infantile vocalizations may also be delayed 
and are usually meagre in quantity, although they 
are normally inflected. When inferior genetic 
endowment is complicated by impaired hearing or 
organic brain lesions, no matter how minor in 
degree, language disability is seriously increased. 
Even when these children possess normal hearing, 
if they have acquired locomotion before they have 
had time to store their slow minds with the requisite 
auditory memories at mother-distance, they must 
be afforded further opportunities to learn. This 
implies patient, individual language-training by 
affectionate and understanding adults using simple 
words, at close quarters and in homely situations. 
Otherwise they are denied the possibility of fully 
developing what faculties they possess. The young 
mentally handicapped child presents a challenge 
to the skill and compassion of paediatricians in 
hospital and public health alike. Too many of 
these unfortunate children, who could be cared for 
and trained in the community if more attention 
were devoted to their problems, and to their parents’ 
difficulties, are at a tender age still referred for 
admission to large residential institutions. 

The speech of young educationally sub-normal 
children is usually defective, and their language 
always impoverished. In the past speech therapists 
were understandably reluctant to accept them for 
treatment. Many of those who are now willing 
to undertake responsibility for training them have 
little previous experience with retarded children and, 
working unguided and in isolation, tend to expend 
their energies in speech correction rather than in 
language development. Renfrew (1959) has made 
a study of the subject and in a recent valuable paper 
describes methods of treatment. More vigorous 
medical and psychological research into the whole 
problem is needed. 


The ‘Developmental Aphasias’. In the next group 
of children delay in acquisition of spoken language 
is thought to be due to a maturational lag in that 
part of the central nervous system which deals 
with span of auditory attention and with language 
formulation. These late talkers are usually boys, 
who are normally developed in other respects. 
Their hearing is good and on performance tests 
they show average intelligence. They comprehend 
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what is said to them, especially when short, sim» le 
sentences are used, but in reply they use only sin :le 
words or fragmentary phrases helped out w th 
gestures. They are often shy because they real ze 
their social disability but they are friendly aid 
co-operative once their confidence is won. Thcre 
is frequently a family history of delayed speech. 
They usually begin to talk at about 34-4 years of 
age and then rapidly catch up with their conte n- 
poraries, without any apparent damage to their 
personality or to their ultimate scholastic achie:e- 
ment. 

More complex forms of this ‘developmen:al 
aphasia’ or dysphasia sometimes occur. Although 


they are rare, cases crop up in the experience of every } 


paediatrician and otologist. These children show 
no auditory loss for faint noises or pure tones, and 
their intelligence on performance tests may be 
average, but they are slow to attach meaning to 
everyday sounds, and particularly to spoken words. 


Their speech, when it eventually appears at about f 


34 to 5 years, is often severely defective in articulation 
and syntax. They rarely become fluent conver- 
sationalists. Some show slight motor clumsiness. 
Many have special learning difficulties with regard 
to reading, writing, spelling and drawing. The 
condition (or group of conditions) has been variously 
described as auditory imperception, word deafness, 
strephosymbolia or dyslexia according to the chief 
presenting symptom. There is sometimes a history 
of difficult birth, serious illness in the first years of 
life or frank head injury, so that it is tempting to 
hypothesize neurological damage rather than 
developmental delay. Many of the children appear 
to recover spontaneously, or perhaps learn tricks to 
circumvent their difficulties, by 9 or 10 years. The 
condition merits further, co-ordinated investigation. 


Brain Injuries. Brain damage causing language 
disorder may result from birth traumas or defects 


of cellular metabolism in the perinatal period and, } 
in later infancy and childhood, from cerebral | 


inflammations or head injuries. It is often impos- 
sible to decide whether the gross language disorders 
which occur in the cerebral palsies are the result 
of damage to the auditory, motor, or interpretative 
functions of the brain, or to combinations of all 
these. 
tional handicaps, such as deafness, eye defects, 
epilepsy, mental retardation, specific learning 
difficulties, disturbances of the body image and 
problems of behaviour. In other cases of con- 
firmed or suspected brain injury motor disabilities 
may be slight or absent, and the presenting sympto-ns 
are learning difficulties, problems of behaviour, or 


Many of these children suffer from addi- | 
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lar guage disorders. 


All types of brain-injured 
children, however, have one characteristic in 
coamon. They tend to show, from day to day, 
a baffling inconsistency of response to testing 
procedures and to therapy, so that one is driven 
to che conclusion that essential connexions between 
the various brain mechanisms sometimes function 
and sometimes do not. 

The whole question of speech therapy in cerebral 
palsy needs review. At present much time and 
energy are devoted to procedures which appear 
to be entirely empirical and almost exclusively 
concerned with improvement of articulation. Study 
of the available literature and discussions with many 
experienced speech therapists have brought me no 
nearer to understanding the fundamental neurological 
concepts which presumably underlie the practical 
procedures employed. Nor is it easy to assess 
results. The therapists’ time might be more 
profitably spent in devising improved methods of 


- communication for each individual child and in 


giving appropriate instruction to his parents and 
teachers. Detailed investigation and long-term 


_ follow-up of series of cases in association with 


paediatric neurologists and psychologists is urgently 
required. It is vitally important to discover whether 
or to what extent spoken language that is intelligible 
to the average listener can be produced by training, 
if it has not already begun to appear spontaneously 
by 7 years, and whether before or after this age 
alternative means of communication should be 
sought. It is true that the dysarthria of cerebral 
palsy usually improves in parallel with the general 
improvement in neuromuscular control. Squints 
also tend to improve, but the associated amblyopia 
may be irreversible. 


sychogenic Disorders. The disorders of spoken 


_ language which occur in the schizophrenias of child- 
ho: 


d are only part of a grossly distorted develop- 
‘t of intellect and personality. They vary from 
‘plete absence of speech to the use of neologisms, 
)lalia, or marked peculiarities of vocal intona- 

and stress. The one constant finding is an 
ility to use speech as a means of interpersonal 
i munication. Language symbols seem to be 
ing, although naming and parrot-like repetition 
m: beretained. It is as if the child has the capacity 

ecognize and to repeat word forms but not 

ecall word meanings. He appears to be im- 
' yned in, or to have retreated to a small, insecure, 
sometimes terrifying pre-linguistic, pre-body- 
:¢ world of his own, from which he can only 
. out in a fragmentary way to make contact 

other people. His play is also solitary, 
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meaningless, and non-progressive. I have not had 
the opportunity to observe groups of non-speaking 
psychotic children over a prolonged period of time, 
but in visits to hospitals and special units I have 
never seen them engage in the meaningful make- 
believe play normal nursery school children so 
richly invent, and which, in more primitive form, 
engrosses the attention of little mongols when they 
are given appropriate opportunities. The age when 
spoken language appears in psychotic children is of 
considerable prognostic significance. Kanner and 
Eisenberg (1955) have recently reported, in a long- 
term follow-up of 40 psychotic children, that of 19 
who were not speaking by the age of 43 years, only 
one subsequently did so. I cannot myself recollect 
ever seeing a child who had not begun to use spoken 
language by 6 years who later spontaneously 
developed it. 


Conclusions 


Given normal opportunity to learn, recognizable 
spoken words may be expected to appear between 
14 and 20 months and by 2-24 years the child is 
usually putting words together to make little sen- 
tences. The commonest causes of delay in the 
development of spoken language are deafness and 
mental backwardness. Full expert assessment of 
the hearing and the intelligence is, therefore, the 
first step in differential diagnosis. Regarding the 
rarer causes of delay it needs to be remembered 
that lesions of the central nervous system occurring 
in the first few years of life have been inflicted on 
plastic and rapidly growing tissues, and only time 
can tell whether the resulting damage is permanent, 
or capable of compensation, or open to recovery. 

The first five or six years are therefore critical 
for diagnosis, treatment and training. However 
unpromising he may at first sight appear to be, the 
young child handicapped by a disorder of spoken 
language should be given the benefit of expert 
advice and supervision during these vitally impor- 
tant early years. Otherwise, lacking the means of 
communicating with his fellow beings, he may be 
condemned for the remainder of his life to emo- 
tional solitude and intellectual silence. 
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THE NATURAL HISTORY OF INFANTILE SPASMS 


BY 


P. M. JEAVONS and B. D. BOWER 


From the Department of Paediatrics and Child Health, University of Birmingham and 
All Saints’ and the Children’s Hospitals, Birmingham 


(RECEIVED FOR PUBLICATION MAY 20, 1960) 


The claim of Sorel to have improved the outlook 
for children with the syndrome of infantile spasms 


(‘lightning spasms’) and mental retardation by the 


use of corticotrophin (Sorel and Dusaucy-Bauloye, 
1958; Sorel, 1959) has aroused widespread interest, 
and first reports have been enthusiastic (Low, 1958, 
1959; Stamps, Gibbs, Rosenthal and Gibbs, 1959). 
Cortisone has also been said to be effective (Low, 
1958; Dumermuth, 1959; Cox and Martin, 1959). 
It is now clear that these hormones produce some 
beneficial effect, but for a more precise assessment 
of their efficacy it is important to know the natural 
history of the disorder. In this paper we describe 
the clinical and electroencephalographic (E.E.G.) 
findings in 30 patients who have been followed up 
for periods varying from two to six years without 
the administration of hormones. They form a basis 
for comparison of the results of hormone treatment 
in 20 other patients (Bower and Jeavons, 1961). 


Material 


Thirty patients whose spasms began before the 
age of 12 months have been followed by clinical 
and E.E.G. examinations at approximately six- 
monthly intervals for a minimum of two years and 
a maximum of six years. Apart from the early 
ex:minations of a few of the older patients, which 
were made by the referring paediatricians, all 
cli \ical assessments were made by one of us (B.D.B.); 
an i all E.E.G. records were interpreted by the other 
(P M.J.). The clinical features of 20 of the patients 
ha e been described previously (Bower and Jeavons, 

9) and those of the remainder are similar. The 
' abers in each aetiological group are shown in 

le 1. The symptomatic group consists mainly 
o! children with a definite history suggesting 
pi iatal or perinatal brain damage who had been 
m itally backward from birth. In addition, there 
is ne infant who had measles encephalitis and was 
itally retarded afterwards, and one child with 
rose sclerosis. Patients in the cryptogenic 
‘up, by contrast, had had an uneventful life with 
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normal development until the onset of the spasms, 
and investigations gave no clue to the aetiology of 
their cerebral insult. In two patients developmental 
and birth history were paradoxical and they are 
therefore classified as ‘doubtful’. 

All patients were treated with one or more of the 
commonly used anticonvulsant drugs, for it is 
difficult to withhold them in such a distressing 
epileptic disorder even though there is general 
agreement that barbiturates, primidone, the diones, 
and drugs of the phenytoin group are ineffective. 
In our patients they had a negligible short-term 
effect and in all probability had no long-term effect, 
unless it was to suppress the major and focal fits 
which at times complicate infantile spasms. 

Fourteen patients were at some time given a short 
course of a drug of the tetracycline group, but it is 
doubtful if this treatment produced any long-term 
benefit. Spasms were decreased in number or 
abolished in 11 of the 14 patients so treated, but in 
nine a relapse occurred shortly after the treatment 
was stopped; there was no clinical or E.E.G. evi- 
dence of more than temporary benefit in these nine 
patients, by comparison with the patients not given 
such treatment. In only two patients, therefore, 
could tetracyclines be given the credit for cure, and 
we think it more probable that administration 
of the drug coincided with natural cessation of the 
spasms. 

There is therefore good reason to believe that the 
progress of all 30 children approaches that of the 
untreated case. 


TABLE 1 
AETIOLOGY 


Aetiology 


Prenatal or perinatal trauma 
or anoxia .. 
Tuberose sclerosis 
Measles encephalitis . . 
Cryptogenic 


Symptomatic .. 
| 
Doubtful 


xo 
| 
= 
| 
= 
§ 
i 
2 
4 
Nos. 
15 
13 
1 
1 
13 uit 
3 
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SPASMS 


No spasms 
Spasms 
Dead 


| 
J 


nN 


ie) 


MLLLLLLLLLD. 


NO. OF PATIENTS 
LLL 


LLLLLLLLLLLLLLLA 


4 
donths AGE 


Fic. 1.—Numbers of patients with and without spasms (12-48 months). 
Results 
The Spasms. Fig. 1 shows the numbers of patients 


with and without spasms at each six-monthly period 
from the age of 12 months. All 30 were followed 
to the age of 36 months, and 28 to 42 months. At 
the age of 12 months, three patients had lost their 
spasms and one had died. There was a steady 
increase in the number without spasms as the patients 
grew older. At 36 months, over half (16) were free 
of them. At 42 months, four patients had died and 
only one-third of survivors still had spasms. Beyond 
that age numbers are smaller and conclusions cannot 
be drawn from them. It is interesting that one 
patient still has spasms at 6 years. 

In addition to the tendency for this type of 
epilepsy to become less common with age, there was 
a tendency for the spasms to become less frequent 


TABLE 2 


NUMBER OF PATIENTS IN EACH MAIN GROUP WITH 
SPASMS AT EACH AGE PERIOD 


| 


| Doubtful 
Age Symptomatic | Cryptogenic Aetiology 
rs) | 
| No. | | No | No. 
1 | 15(15) | 100 10(12) | 83 | 1 (2) 
14 | 12(15) | 80 10(12) | 83 | 1 (2) 
2 9(15) | 60 8(12) | 67 | 0 (2) 
| 9115) | 60 7(12) | 58 | 0 (2) 
3 | | 50 5(12) | 42 0 (2) 
34 | $(12) | 42 3(10) | 33 | 0 (2) 
4 5(10) 1 (4) | | 0(1) 
5 | 1 @ | 0 (3) | 
6 1 (1) | 0 (3) | | 
7 | | 0 (2) | | 


Bracketed figures indicate total surviving patients. 


and less severe in the individual patient. For 
instance, several of those shown in Fig. 1 as having 
spasms at 30 months, or later, merely had infrequ: nt 
head nods. Five patients initially showed ma or 
or focal fits in addition to spasms, and three of th: se 
continued to have major fits over a long period. 
Five other patients developed major fits during the 
follow-up period. 

It is of interest to compare the epilepsy in the 
symptomatic group with that in the cryptogenic 
group, and Table 2 shows the numbers of patients 
in each main group who at each age period still had 
spasms. It will be seen that there is little differerce 
between the two groups. This suggests that age 
is a much more important factor than aetiology 
in determining the prognosis of the spasms once 
a patient develops them. Presumably some matura- 
tion factor is responsible for the inhibition of this 
type of epilepsy as the patient grows older and for the 
rarity of its onset after the age of 2 years. 

There is one difference relating to the spasm in the 
two main groups. Six patients in the symptomatic 
group showed a lateralizing feature in the spasm; 
the head was flexed partly to one side, or the ampli- 
tude of limb movement was greater on one side than 
on the other. No patient in the cryptogenic group 
showed this feature. 


E.E.G. Findings. The scoring system, designed 
to separate the characteristics of hypsarrhythmia 
from those of non-hypsarrhythmic epilepsy, which 
was used in our previous study (Bower and Jeavons, 
1959) was used again. Details are given in the 
Appendix. A hypsarrhythmic record scores 13-30 
points. All records scoring 2-12 points were 
previously classified as ‘non-hypsarrhythmic epi- 
lepsy’. However, we now label a record scoring 
9-12 points as ‘modified hypsarrhythmia’, as it shows 
more organized epileptic activity than a truly 
hypsarrhythmic record and yet has some chaotic 
features. This category corresponds to _ hypsar- 
rhythmia types | and 2 of Thiébaut, Sacrez, ROhmer 
and Isch-Treussard (1955). A record scoring 2-8 
points shows centrencephalic or focal epilepsy, but 
is well organized. The total number of records 
taken and scored in the present study was 167. 

Twenty-five patients had their first E.E.G. exami- 
nation before the age of 12 months and our E.E.G. 
discussion is limited to these patients. All their 
first records were abnormal. The score was in the 
hypsarrhythmic range in 13, in the modified hypszr- 
rhythmic range in four, and in the epileptic range in 
eight. Further E.E.G. examinations were carri°d 
out, as far as possible at six-monthly intervals; Il 
25 were followed to the 30-36 month age peric4, 
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INFANTILE SPASMS 


an’ 23 to the 36-42 month period. Fig. 2 shows 
the number of patients with records in each E.E.G. 
cat-gory in each six-monthly age period. 

I: will be seen that there was an improvement in 
the E.E.G. up to the age of 42 months, just as there 
was an improvement in the epilepsy. In the 30-36 
month period 10 records (over one-third) were 
normal, eight were epileptic, two showed modified 
hypsarrhythmia, and only three were frankly 
hypsarrhythmic. In the 36-42 month period the pro- 
portions were similar. There was a close correlation 
between individual clinical and E.E.G. improvement. 
Fifteen of the 25 lost their spasms during follow-up; 
10 of these 15 had a normal E.E.G. at the next and 
all subsequent examinations. The remaining five 
showed (non-hypsarrhythmic) epileptic E.E.G. ab- 
normalities and three of these patients had occa- 
sional major fits after the spasms had ceased. The 
E.E.G.s of the eight whose spasms continued were 
abnormal (five showed hypsarrhythmia or modified 
hypsarrhythmia and three were epileptic). 

Comparing the scores in the symptomatic and 
cryptogenic groups, we found that on average the 
scores in the former group were higher than those 
in the latter, both initially and throughout the 
subsequent six-monthly periods. Moreover, the 
cryptogenic group tended to produce normal 
records earlier. 

Since six children in the symptomatic group 
showed a focal element in their spasms, one might. 
expect a higher incidence of lateralized focal E.E.G. 


E.€.G. 


O 


K\ A 


NO._OF PATIENTS 


\ 
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abnormality in this group. Four of these six chil- 
dren showed such abnormalities. However, 12 of 
the 25 children showed focal E.E.G. abnormalities 
at some time, and five of them belonged to the 
cryptogenic group. The foci often changed to the 
opposite side in subsequent E.E.G. records and, 
since disappearance, reappearance and ‘wandering’ 
of foci are quite common features of the E.E.G.s 
of epileptic children in general, their presence in our 
patients is probably not important. They do not 
necessarily indicate localized cerebral change, 
though they may be significant in association with 
clinical lateralization. 


Mentality. Unfortunately there was no corre- 
sponding general improvement in mentality (Fig. 3). 
The mental level was graded in each case as gross 
retardation (corresponding to amentia), moderate 
retardation or normal. The abilities of two patients 
at the age of 12 months illustrate the two categories 
of mental retardation: 


Gross RETARDATION. A. was unable to sit or hold 
his head up. He could not grasp an object even when 
put into his hand. He could not recognize his mother 
and appeared blind. There was no response to voice, 
and he did not vocalize spontaneously. Movements 
were aimless, generalized, and incoordinate. 


MODERATE RETARDATION. J. could sit and stand 
unaided, and retained an object if placed in the hand. 
However, he was not interested in his surroundings; 
he only fixed with his eyes for a few seconds and showed 


HE Hypsarrhythmic 


Modified 
N i 


Hypsarrhythmic 


-36 -42 “48 AGE 


Fic. 2.—Number of patients with E.E.G.s in various categories (< 12-48 months). 
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MENTALITY 
30) 
25 moderate. 


Normal 
& Dead 


NO. OF PATIENTS 
a 


months 42 AGE 


Fic. 3.—Mentality at 12 and 42 months. 


little emotional response to social overture. He did 
not laugh, and smiled only briefly and occasionally. 
Vocalization consisted of only two or three sounds. 
He showed the relatively slight motor retardation com- 
mented upon by Illingworth (1955). 


At 12 months, 16 patients were grossly retarded 
and 13 were moderately retarded; one had died. 
Twenty-eight of the 30 patients have now reached 
the age of 42 months; 11 are grossly retarded, 12 
moderately retarded, one patient is mentally normal, 
and four patients have died. The remaining two 
patients are 36 months old and in view of their past 
history it is most unlikely that their state will change 
in the next six months; one is grossly retarded and 
one is mentally normal. In Fig. 3 they are there- 
fore treated as if they were 42 months old. The 
two patients who have regained normal mentality 
were both in the cryptogenic group, had a low E.E.G. 
score on their first record (4 and 5), and their 
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lost their spasms early (at 7 and 20 months). 
received tetracycline. 

Comparing the two groups, both at 12 months 
and subsequently, there is a great preponderance of 
grossly retarded children in the symptomatic group 
(Table 3). Even though patients in the cryptogenic 
group may be grossly retarded shortly after the on ‘et, 
some pass into the moderately retarded categ ry 
within a few months. Only two children in he 
cryptogenic group were grossly retarded at 12 months 
and both were only moderately retarded at 42 
months. The improvement in this group was 
maintained after this age in the older patients 
reviewed. For instance, three children in the 
cryptogenic group are now over 5 years of age. All 
three are pleasant children, relatively obedient, able 
to communicate with short sentences, and have no 
neurological deficit. They are probably all mildly 
retarded, but two attend a normal school. By 
contrast, the four in the symptomatic group who are 
over 5 years old are grossly retarded and obviously 
ineducable. 


One 


Mortality. Four patients died, one at 5 months 
and the others at between 23 and 34 years. Two 
were in the symptomatic group and two in the 
cryptogenic group. 

Discussion 


Apart from the reports of Gibbs, Fleming and 
Gibbs (1954) and Livingston, Eisner and Pauli (1958) 
there is little detailed information in the literature 
about the prognosis of patients with infantile spasms. 
Most authors agree that in general the spasms tend 
to diminish with age, the E.E.G. pattern becomes 
more organized and may become normal, but the 
mental retardation usually persists unaltered. Of 
our surviving patients 57% were free of spasms at 
34 years and this compares with 43% at 3-4 years, 
reported by Gibbs et al. (1954). Livingston et al. 
(1958) report that less than 1°% of their patients with 
minor motor epilepsy (equivalent to infantile spasms) 


second and subsequent E.E.G.s were normal. They _ still had spasms after 5 years of age. Only eight f 
TABLE 3 
MENTAL ASSESSMENTS AT 12 AND 42 MONTHS IN THE TWO MAIN GROUPS 
| At 12 Months | At 42 Months 
Aetiology Retardation | Retardation | 
| Gross | Moderate | Dead Gross | Moderate Normal | Dead 
Cryptogenic group my 2 10 1 0 | 9 | 2* 2 
Symptomatic group sal 13 2 0 10* | 3 0 | Zz 
Doubtful aetiology on 1 | 1 0 2 0 | 0 | 0 
Total ....| 16 | 13 | 1 4 


12 | 12 | 2 | 


* One patient only 36 months old. 
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of “ur patients have reached this age so we cannot 
con:pare our figures with theirs. 

The E.E.G.s of our patients during follow-up 
appear to be less abnormal than those of Gibbs 
et cl. (1954). Of our patients, at 3-34 years, 19% 
had typical or modified hypsarrhythmia, compared 
with 53% of their patients at 3-4 years; and at these 
ages 47% of our patients and 20% of theirs had 
normal records. 

Both Gibbs et al. and Livingston et al. show that 
it is rare for these patients to survive this form of 
epilepsy with normal intelligence. The latters’ 
figure for mental normality is 1-8%, and ours (in 
amuch smaller series than theirs) is 7-7%. Burnett, 
Gibbs and Gibbs (1958) show that the prognosis is 
much better if the initial E.E.G. is normal. It is 
of interest that the two patients in our series who 
became mentally normal each had only one abnormal 
E.E.G. and this had a low score. Of our patients, 
44°, were grossly retarded and, although details 
of the severity of the mental defect are not given 


in the above publications, it is clear that gross 


retardation was fairly common, for in each series 
23°, were institutionalized. 

The mortality rate in our series (13% of 30 
patients) is similar to that of Gibbs et al. (11% of 
103 patients) up to the age of 3 years. Livingston 
et al., however, found that by 6 years only 3-7% of 
622 patients had died. 


Our patients show definite prognostic differences. 


in the symptomatic and cryptogenic groups, and 
this is not commented upon by previous authors. 
The patients in the symptomatic group were 
initially more severely retarded, some had spastic 
diplegia or hemiplegia, and microcephaly was 
common, in contrast to the cryptogenic group. 
It is therefore not surprising that, in view of this 
clear evidence of more severe brain damage in the 


' Symptomatic group, they should show no mental 
improvement during follow-up, whereas there is a 
Sligi t tendency for the cryptogenic group to im- 

prove. 
_ age of 6 are small, the clear-cut difference in mental 


Although the numbers followed to the 


_leve in the two groups at that age confirms this 
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nostic difference. By contrast, the two groups 
ved similarly with regard to the rate of dis- 
arance of spasms, although there is perhaps 
‘dency to earlier disappearance in the crypto- 

group after 2 years. The E.E.G.s are more 
tic in the symptomatic group at all ages. 
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Summary 
I irty infants with the syndrome of infantile 
as and mental retardation occurring before the 
of 1 year have been followed by clinical and 
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E.E.G. examinations for periods of two to six 
years. None were treated with corticotrophin or 
steroids. 

There was a steady reduction in the number still 
having spasms and at 3 years over half the patients 
were free of them. Focal or major fits occurred 
in one-third of the total and did not show the same 
tendency to disappear with age. 

The E.E.G.s became more organized and at 
3-34. years more than one-third were normal. 
Hypsarrhythmia was rare by this age but was found 
even at 6 years. 

Mental improvement was much rarer and only 
two patients became mentally normal. 

The mortality rate was 13° by 34 years. 

There was little difference between the sympto- 
matic and cryptogenic groups with regard to the 
rate of disappearance of spasms and E.E.G. im- 
provement. Mental retardation, however, was less 
severe in the cryptogenic group even at | year and 
this group showed a slight but definite general 
improvement later, whereas none occurred in the 
symptomatic group. 


Our thanks are due to the consultant physicians of the 
Children’s Hospital, Birmingham, and the consultant 
paediatricians of the Birmingham Region for allowing 
us to examine their patients; to Professor D. V. Hubble 
for encouragement and advice; and to Mrs. Trilloe, Miss 
D. J. Campbell, Miss M. E. Dyas and Miss A. E. Hill for 
their skilful performance of E.E.G. examinations on these 
difficult patients. 
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It is notoriously difficult to analyse and describe the 
records of young children and therefore a scoring system 
(based on examination of 180 records) was devised to 
enable more precise comparison to be made between 
different cases and to assess change in the same case. 
The scoring system is designed to give maximum marks 
to utterly chaotic tracings and minimum marks to highly 
organized epileptic records. The records are divided 
into nine grades: 


: Score 
Grade 1: Complete chaos, with total asyn- 


chrony, no organized discharges 


and no normal background activity 12 points 


Grade 2: Chaos, with some discernible syn- 
chronous bursts. The bursts were 
of chaotic make up, and the epi- 
sodic nature could only be seen by 


reducing the gain 8 points 


Grade 3: Mainly chaotic, but with more 
bilaterally synchronous activity 


than Grade 2 6 points 


Grade 4: Bursts of chaotic make-up, some 
bilaterally synchronous discharges 
and a little normal background 


activity 4 points 


Grade 5: Discharges mainly bilaterally syn- 
chronous, but some showing a 
chaotic make-up. Some normal 


activity 3 points 


Grade 6: Bilaterally synchronous epileptic 
discharges (centrencephalic). No 


chaos. Normal background activity 1 point 
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Grade 7: Focal epileptic discharges. No 

chaos. Normal background activity 1 pont 
Grade 8: Non-specific abnormality .. 1 po nt 
Grade 9: Normal Ni. 


The grading is made on the overall appearance of the 
record, and it is therefore not possible to give illustrations 
of the different grades. 

In addition to being given a grade score the different 
components of hypsarrhythmia are scored as follows: 

(a) Amplitude. High voltage is probably the most 

common finding, at times being over 00 
microvolts. 

Voltage normal or up to twice normal for age: 
1 point. 

Voltage two to four times normal for age: 2 points. 

Voltage cver five times normal for age: 4 points. 

(5) Bursts of very chaotic make-up, containing delta 

waves from 0-75 c/s to 3 c/s, with spikes of 
varying site and amplitude: score 2 points. 

(c) Bursts of slow or rapid spikes appearing simul- 

taneously in all regions: score 2 points. 

(d) Focal spikes: score 1 point each for left, right, or 

posterior. 

(e) Completely random spikes: score 4 points 

(f) Completely random delta: score 2 points. 

Normal background activity scores minus 1 point. 


Using the above method a completely hypsarrhythmic 
record scores 13-30 points; modified hypsarrhythmia 
scores 9-12 points; an epileptic record of centrencephalic 
type and a focal epileptic record scores 2-8; a normal 
or non-specific record scores 0 or 1 point respectively. 
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THE EFFECT OF 
CORTICOTROPHIN AND PREDNISOLONE ON 
INFANTILE SPASMS WITH MENTAL RETARDATION 


BY 
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From the Department of Paediatrics and Child Health, University of Birmingham and 
The Children’s Hospital, Birmingham 
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The immediate effects of the use of corticotrophin 
or cortisone in patients with infantile spasms may 
be dramatic (Sorel and Dusaucy-Bauloye, 1958; 
Low, 1958; Sorel, 1959), but the more permanent 
results are less easily assessed. There is still no 
confirmation of Sorel’s claims that corticotrophin 
can produce prolonged benefit, in particular mental 
improvement, for long-term improvement can occur 
without such treatment. This paper reports an 
attempt to assess the immediate and later results 
of treatment with corticotrophin and prednisolone 
by comparison with the findings in patients not 
treated with hormones (Jeavons and Bower, 1961). 


Material and Method 


Twenty-three children with infantile spasms have been 
treated with corticotrophin or prednisolone or both. 
Of these, 21 were treated personally. E.E.G. examina- 
tions of the remaining two, who were treated by Drs. 
J.S. Oldham and H. McC. Giles, were performed in our 
departments and their records have been assessed in the 
same way as those of our patients. All patients had an 
abnormal E.E.G. before treatment and all were mentally 
retarded. 

Twelve patients ‘are classified as belonging to the 
cryptogenic group. Mental development was normal 
unil the onset of the epilepsy and in 11 there was no 
clue to the cause of the cerebral damage. In the twelfth 
pa’ ent, spasms started three days after his first injection 
of voliomyelitis vaccine, but since the relevance of this 
ev 1t to the disorder is uncertain, he is included in this 
up. 

he other 11 patients are classified in the symptomatic 
grup. Mental retardation was present from birth and 
th: e was evidence suggesting a definite cause for cerebral 
da iage (Table 1). In 10 cases the cause was a perinatal 
fac or or combination of factors, while in one it was 
ce bral agenesis with absence of the corpus callosum. 
In »ne patient spasms had already ceased before treat- 
mc it but, as he was mentally retarded and his E.E.G. was 
sti abnormal, treatment was given and his case is 
inc uded. 


All patients were treated in hospital for at least four 
weeks. If E.E.G. improvement was still occurring at 
the end of that time, treatment was continued until a 
steady state was reached. Eight patients were given a 
second month’s treatment because relapse followed the 
first course or because the first course was ineffective. 
In one instance a third course was given, as an out- 
patient. With the exception of the first two cases treated 
and one very young patient, the daily dose of cortico- 
trophin was 20-30 units, according to age. The drug 


TABLE 1 
SYMPTOMATIC GROUP 
FACTORS LEADING TO DIAGNOSIS OF PRENATAL OR 
PERINATAL BRAIN DAMAGE 


Micro- 
cephaly 


Yes 


Case History Other Evidence 


S.1 | Pitocin drip, precipitate 
labour 


S.2 


No Cerebral agenesis with 
absence of corpus 
callosum (pneumo- 


encephalography) 


Precipitate labour; spasms 


Cerebral diplegia 
from second day 


Premature (birth weight 
3 Ib. 5 oz.) 


Caesarean section for 
foetal distress; neo- 
natal cyanotic attacks 


Antepartum haemor- 


! Symmetrical ventricular 
rhage, foetal distress 


dilatation (pneumo- 
encephalography) 


Prolonged labour; neo- Hemiparesis 
natal cyanosis 


Premature; neonatal 
‘jumps’ and cyanotic 
attacks; did not cry 


for three weeks 


Neonatal hypotonia; 
would not cry or suck 
for six weeks 


S.10 | Drowsiness and failure 
to suck in neonatal 
period 

| 

S.11 | Forceps delivery; 

| bruised 


head Mild hemiparesis 
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was given 12 hourly by injection, in the gel form. 
Prednisolone was given six hourly by the oral route, the 
daily dose being approximately | mg. per lb. body weight. 
In a few instances the dose was altered later in the course, 
and at the end of treatment reduction was made gradually. 
Details of treatment are shown in Tables 2 and 3. 

Progress was judged in three parameters. The 
spasms were charted by the nursing staff. Although 
some may have occurred unnoticed, these were probably 
few, for there is a good correlation between the presence 
or absence of spasms as charted and the E.E.G. state. 
Moreover, spasms usually occur in a series lasting 
several minutes and the initial cry often draws the 
attention of the nurse to the event. Nevertheless, we 
shall consider them as ‘present’, ‘fewer’ or ‘absent’, 
rather than by numbers recorded. 

E.E.Gs were recorded twice weekly during hospital 
stay and as often as was convenient after discharge. 
At the beginning of the study they were scored in a 
random order by one of us (P.M.J.) with no knowledge 
of the patient’s treatment at the time. Later, with 
increased confidence in the method, records were scored 
as treatment proceeded, in order to help in deciding the 
length of treatment necessary in each case. The scoring 
system is described elsewhere (Jeavons and Bower, 1961). 
In all, 481 E.E.G. records were taken. Mental assess- 
ment was performed by Griffiths testing before treatment, 
within three weeks after stopping treatment, and at 
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Results: The Cryptogenic Group (12 cases) 
The Immediate Results. These are shown 
detail in Table 2. 


in 


Spasms. These ceased in all patients during ‘1¢ 
first course of treatment, whichever drug was us: d. 
In five this occurred during the first week, but in 
two patients it did not occur until more than f ve 
weeks of treatment had been given. One pati nt 
(C. 12) who had major fits in addition to spasr is, 
continued with intermittent major fits duriag 
treatment despite control of spasms and, on wi h- 
drawal, developed status epilepticus. 

Relapse occurred in eight patients within thiee 
weeks of stopping treatment, usually within the 
first week. 


E.E.G. There was also a definite E.E.G. im- 
provement in all patients during the first course of 
treatment. In 11 the score fell and reached 4 or 
less (i.e. non-hypsarrhythmic). In the twelfth 
(C. 5) the initial record was highly organized and 
scored only 2. Her records were therefore assessed 
by counting the percentage of the total recording 
time which was occupied by epileptic activity. This 
fell from 65% before treatment to 10% during 


intervals during the follow-up period. treatment. 
A 
re 
TABLE 2 thes 
rem 
CRYPTOGENIC GROUP: TREATMENT AND IMMEDIATE RESULTS " 
disz 
Treatment | Immediate Results was 
| | | Spasms | E.E.G. | D.Q. The 
Duration | | | — ti 
Age at | of Spasms | Daily | Lowest 109 
Case | Start of Before | | Dose | | |  Pre- Score Post- | Son 
Treatment | Treatment | Drugs Duration) (C: i.u. | On After treatment | During (treatment | Before After : 
(mths) | (mths) | (wks) | P: mg.) | Treatment | Treatment Score | Treatment Score | Treatment | Treatment Imp 
C.l 6 7 | 25-30; O Oo 22 0 0 Low Low* 
| (reduc- | 
tion after 
| four | 
wks) 
€.2 7 2 (1) P 7 20 re) R 10 3 3 46 34 
(2) P 4 15 F R 3 2 3 34 36 
C3 6 | 2 P 6 20 Oo R 17 1 2 53 45 
C.4 8 3 (1) Cc 5 5 Oo R 18 4 10 23 — 
(2) C 4 20 Oo R 16 1 5 — 20 
C.5 13 3 P 4 30 oO R 2 2 2 40+ 43 
C.6 13 5 | 2). 4 25—>30 Oo R 4 0 2 60 64 
(2) P 16 20—15 oO r@) 2 0 0 64 80 
—10 | 
Ci 13 | 7 P 5 25 Oo R 12 0 3 22 22 
C.8 13 8 Cc 10 oO Oo 13 2 55 46 
C.9 25 16 10 20—-30 Oo Oo 26 0 0 Low Low 
C€.10 35 17 Cc 4 20 r@) oO 8 0 0 50 45 
42 25 4 20 Oo R 11 4 10 
4 @) R 10 2 6 Low Low 
(3) P 34 20 F R 6 3 3 
C.12 42 36 (1) C 4 30 R 12 2 11 9 
| (2) P 20 20—15 | F R 16 12 14 9 14 
| | | 


C = Corticotrophin O = Nospasms' P = Prednisolone 


* This child subsequently reached 83. 


F = Fewer spasms than before treatment 


R = Relapse after treatmen: 


act 
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Fic. 1.—Response of spasms and E.E.G. to corticotrophin 
(patient C.1). 


A record showing no epileptic activity (score 
0 or 1) was obtained in six patients, and three of 
these showed completely normal records during th 
remainder of the course. 

In only one patient did all epileptic abnormality 
disappear within the first week. In four the score 
was 3 or less before the end of the second week. 
There was no constant relationship between cessa- 
tion of spasms and the E.E.G. score at that time. 
Sometimes spasms ceased before marked E.E.G. 
improvement occurred but at other times E.E.G. 
improvement preceded cessation of the spasms. 
However, the two events usually occurred within 
one week of each other. The time taken to achieve 
a pon-epileptic record varied from seven to 64 days, 
anc the speed of response was unrelated to the daily 
do:: or the drug used. Fig. 1 shows a satisfactory 


_Tes»onse to corticotrophin, and Fig. 2 a similar 


but less complete response to prednisolone in another 


| pat ent. 


‘he E.E.G. improvement took the following 
for 1: First there was a gradual reduction in chaos, 


_ the .a more normal activity emerged, with episodic 


bul .ts of chaotic wave-and-spike activity; then the 


pi »:ptic discharges became more organized and 
ten ed to be bilateral, and slow wave-and-spike 
act ‘ity at 2 c./sec. appeared. At this point there 
_ Wa. a tendency for unilateral abnormality to appear 
anc some records showed focal spiking, most 


commonly in the temporal regions. Many records 
continued to show bilaterally synchronous epileptic 
discharges, and only a few became normal. 

In seven patients there was a deterioration after 
treatment was stopped, but in one of these (C. 6) 
there was no deterioration after a second course. 


(This course was unusually long but the daily dose 
was low for much of the time.) 


MENTALITY. There was no immediate dramatic 
mental improvement. In eight patients comparison 
of development quotients (D.Q.s), estimated before 
and within three weeks after treatment, showed no 
significant improvement. A ninth patient showed 
no improvement between an initial score and the 
score obtained after a second course of treatment 
(no test was performed between the first and second 
courses). In the remaining three, where only 
clinical assessment was used, again no improvement 
was observed. In several instances there was an 
apparent improvement; the child became livelier, 
sat up for the first time, or showed some other 
ability which was previously absent. However, 
full developmental testing showed no all-round 
improvement and the score remained at approxi- 
mately the same figure. Probably the apparent 
advancement merely represented steroid euphoria. 
In four patients the score actually fell. 
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Fic. 2.—Response of spasms and E.E.G. to prednisolone 
(patient C.3). 


Later Results. Five of the patients who relapsed 
after the first course were given another course of 
corticotrophin or prednisolone, and one received 
a third. In only one patient (C.6) was another 
course more successful than the first in preventing 
a recurrence. This child also showed a significant 
mental improvement, in contrast to the others. 
Her second course was prolonged, lasting 16 weeks. 

The period of follow-up varies from three to 
14 months from the start of treatment, the average 
being eight months. During follow-up two more 
patients became free of spasms (C.5 and 7), making 
a total of seven who have lost their spasms. 

Mental progress was assessed by Griffiths testing 
in 10 cases (Fig. 3). In seven there was no signi- 
ficant improvement (an increase of more than 10% 
over the pre-treatment score). Two of the remain- 
ing three patients (C.1 and 6) have achieved a 
D.Q. of 80. Unfortunately one of them (C.1) was 
not assessed by Griffiths testing before treatment 
but he was obviously retarded and, from questioning, 
it appeared that his D.Q. was probably between 
50 and 60. The initial score of the other (C.6) 
was 60 and it rose to 80 after the second course of 
treatment. Four months later there had been no 
further rise. Both these patients were free of 
spasms and their E.E.G.s remained normal after 
treatment. The third patient (C.8) has shown 
an advance of 11 points, to reach 66 12 months 


after starting treatment. He also has had no 
spasms after treatment but his E.E.G. still shows 
a mild epileptic abnormality (score 2). The two 
patients not assessed by Griffiths testing, judged 
clinically, have shown no mental improvement. 


In summary, the immediate results were dramatic 
as regards cessation of spasms and E.E.G. improve- 
ment but, after cessation of treatment, spasms 
recurred in eight patients and the E.E.G. deteriorated 
in seven. Only one of these eight patients did not 
relapse after a second course of treatment. After 
an average follow-up period of eight months, seven 
patients are free from spasms. The influence of 
treatment upon mental retardation has been dis- 
appointing. Only three patients have achieved an 
increase in D.Q. of more than 10% during the 
follow-up period and in no patient was this im- 
provement immediate. 


Results: The Symptomatic Group (11 patients) 
The Immediate Results. These are shown in 
detail in Table 3. 


Spasms. These ceased during the first course of 
treatment in only six patients, but in three others 
they became fewer. Only one patient was un- 
influenced by treatment. The remaining patent 
(S.9) had already lost his spasms before treatment 
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MENTALITY 
(CRYPTOGENIC GROUP) 
fa Start On treatment 
or 
100 treatment Off treatment 
ct 
- 
C8 _-o 
£10 
3 
C4 
20, - - - - --- --- C4 
-- 


4 
months 


Fic. 3.—Mentality (D.Q.) during follow-up (10 patients in the cryptogenic group). 
prednisolone. 


was started. Relapse occurred in seven patients, 
one maintained relative improvement, and only one 
patient achieved complete freedom from spasms 
after the course. Recurrence occurred within one 
week of stopping treatment in three patients and 
within four weeks in the other four. 


E.E.G. There was an improvement during 
treatment in 10 of the 11 patients. Frank hypsar- 
rhythmia was abolished, although the lowest score 


TABLE 3 
SYMPTOMATIC GROUP: TREATMENT AND IMMEDIATE RESULTS 


O = treated with corticotrophin; X = treated with 


of one patient was in the ‘modified hypsarrhythmia’ 
range. A non-epileptic record (score 0 or 1) was 
achieved in three patients. Improvement took 
the same form as it did in the cryptogenic group. 

Deterioration after treatment was stopped 
occurred in 10 patients. 


MENTALITY. There was no significant improve- 
ment in any patient. This is not unexpected, in 
view of the fact that these patients had suffered 


Treatment Immediate Results 
Duration | | Spasms | E.E.G. D.Q. 
of 
Case, Age at Spasms Daily Lowest ; 
Start of | Before Dose Pre- Score Post- 
Treatment Treatment} Drugs |Duration| (C: i.u. On After treatment | During | treatment | Before After 
(mths) | (mths) (wks) | P: mg.) | Treatment | Treatment Score Treatment Score Treatment | Treatment 
$2 ) 12- 
| (2) P 6 |7-s>10| oO R 12 3 7 ow | Seo 
St 9 2 i 6 15—>20 F R 15 9 14 35 28 
s 6 3 (1) C 4 25 @) R 16 5 7 33 31 
(2) P 4 20 F R 15 4 17 23 Lower 
S 5 12 5 eS 4 25 r@) R 9 2 10 12 2 
8 6 10 10—20 21 1 1 32 21 
N 16 10 | P 4 20 F R 17 6 14 4 | 6 
13 | P 4 20 6 0 2 14 20 
S. 21 | 15 Pp 4 20 Oo R 12 2 10 2 2 
S. 50 | 41 P 4 40 Oo R | 15 4 10 Low | Low 
Corticotrophin O = Nospasms P = Prednisolone F = Fewer spasms than beforetreatment R = Relapse U = Unchanged 


* Developed cardiac failure. 
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stort MENTALITY 
: f 
CO}  @YMPTOMATIC GROUP) 
100 
On treatment 
80 -----Off treatment 
60 
40 S4 Sl 
fe) 2 3 4 6 7 8 9 Te) 
months 


Fic. 4.—Mentality (D.Q.) during follow-up (nine patients in the symptomatic group). 


O = treated with corticotrophin; X = treated with 


prednisolone. 


brain damage at or before birth; seven were micro- 
cephalic and marked cerebral atrophy was demon- 
strable in another. 


Later Results. Three patients were given a 
second course of treatment, using the alternative 
drug. In all three cases, although there was a 
response, a clinical and E.E.G. relapse occurred 
after the second course similar to that after the 
first (Fig. 5). 

The period of follow-up (10 patients) varied from 
four months to 12 months from the start of treat- 
ment, the average again being eight months. Spasms 
stopped in two patients during this period, making 
a total of four free from spasms. The E.E.G. 
showed an increase in score after treatment and, 
although in some patients there has been a reduction 
of score since then, only one patient (S.7) has had 
a non-epileptic record since treatment. One patient 
(S.6) had been unable to attend for E.E.G. 
examination since six weeks after treatment was 
stopped but his E.E.G. score then was as high as 
it had ever been. He has since died. 

Mental progress was assessed by Griffiths testing 
in nine patients (Fig. 4). Only one patient (S.7) 
has shown an increase in D.Q. of more than 10%. 
He has only reached 52% but his performance is 
handicapped by a mild hemiparesis. He is the only 
patient whose epileptic and E.E.G. improvement 
was sustained after treatment. His treatment 


lasted longer than that of any other patient in the 
symptomatic group, although in the first months 
the daily dose was lower than the usual dose given. 
The remaining two patients, judged clinically, have 
shown no mental advance. One is a spastic ament. 
The other is aged 43 years with a mental age of about 
9 months. 


In summary, the immediate results were quali- 
tatively similar to, but not as dramatic as, those of 
the cryptogenic group. Spasms ceased during 
treatment in six patients and became fewer in three, 
and the E.E.G. improved in every patient but one. 
With one exception, relapse occurred in all patients 
after treatment, and relapse followed a second 
course given to three patients. After an average 
follow-up period of eight months, four patients are 
free from spasms. As expected, there was no overall 
mental improvement. One patient, however, has 
shown an increase in D.Q. of more than 10% during 
follow-up but he is still definitely retarded. 


Discussion 


Immediate Effects. From our results we agree 
with Sorel and Dusaucy-Bauloye (1958), Sorel 
(1959), Low (1958, 1959), Gastaut, Saltiel, Raybaud, 
Pitot and Meynadier (1959), Dumermuth (1959) 
and Stamps, Gibbs, Rosenthal and Gibbs (1959) that 
corticotrophin abolishes or greatly reduces t1¢ 
frequency of infantile spasms and improves 11¢ 
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E.E.G., even to the point of normality. Cortisone 
has been credited with a similar effect (Low, 1958; 
Cox and Martin, 1959; and Dumermuth, 1959). 
S.nce prednisolone has a smaller salt-retaining 
eifect than cortisone or corticotrophin, we decided 
to use it to treat some patients in order to compare 
its effects with those of corticotrophin, for if it was 
as successful as the other two drugs, it would have 
obvious advantages. Our results show that it has 
an effect similar to corticotrophin. A _ detailed 
comparison is made below. Disregarding for the 
moment any differences in the efficacy of the two 
drugs and considering the overall effect of hormone 
treatment, we see that spasms ceased in 81% of 
patients during treatment. The E.E.G. improved 
in 95%, becoming non-epileptic in 39%. The 
pattern of improvement was similar to that of the 
untreated series (Jeavons and Bower, 1961), but the 
improvement occurred in a matter of three to four 
weeks in the treated cases whereas it took months 
or years in the untreated cases. 


Relapse after Treatment. Most of the above 
authors describe cases who relapse after treatment, 
but regard them as infrequent. By contrast, such 
cases form the majority in our series. Fifteen of our 
21 patients whose spasms diminished or stopped 
during treatment relapsed within three weeks after 


treatment, whereas Sorel (1959) found a relapse 
in only two out of 10 patients treated with cortico- 
trophin and Stamps ef al. (1959) found a relapse 
in nine out of 36 who responded. 

Since the tendency to relapse is greater in the 
symptomatic than in the cryptogenic group, one 
explanation of this difference might be that the 
above authors’ series contained a higher proportion 
of cryptogenic cases than ours. Unfortunately, 
precise aetiological classification of their patients 
is difficult. However, the relapse rate is higher 
in our series, even if we only consider the crypto- 
genic group (eight out of 12). Another possibility 
is that our patients were treated at a later stage of the 
disease. Sorel (1959), Gastaut et al. (1959) and 
Low (1958, 1959) all consider that the earlier 
treatment is given, the better will be the results. 
Three of Sorel’s patients started treatment within 
one month of onset, and two of ours did so. The 
average period between onset and treatment was 
eight months in Sorel’s cases, and 10 months in 
ours. (Information is insufficient to allow com- 
parison of our cases with those of the other authors.) 
It seems unlikely that the difference in results can 
be explained on the basis of such slight differences 
in timing of treatment. Nor does an age factor 
account for it, for the average ages of Sorel’s 
patients and ours are similar. We usually gave 
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Fic. 5.—Response to corticotrophin and to prednisolone (patient S.5). 
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a larger dose of corticotrophin than Sorel did and 
treatment was at least twice as long, so that our 
treatment was more than adequate by his standards. 
A possible explanation of the overall relapse rate 
is that prednisolone is less efficient in preventing 
a relapse than corticotrophin, which was the only 
drug used by Sorel. The two drugs are compared 
below. 


Later Effects. Although our follow-up is as yet 
short (average eight months) it is interesting to try 
to assess whether treatment has long-term effects, or 
whether later improvement in the epilepsy is entirely 
due to the natural tendency to improve with age. 
In order to eliminate the immediate effect of treat- 
ment, we shall only consider patients who have 
been off treatment for more than three months. 
At the age of 12 months there were five such patients. 
Three of these had no spasms. At 18 months there 
were six such patients, and four had no spasms. 
In our series of untreated patients only three out of 
29 had no spasms at 12 months and only six out 
of 29 at 18 months. Although numbers are small, 
this comparison suggests that the treatment had a 
prolonged beneficial effect on the epilepsy, and this 
suggestion is borne out by a consideration of E.E.G. 
scores. At 12 months, three of the five treated 
patients had non-epileptic records, by comparison 
with none of the 25 untreated patients, and at 
18 months, two of the six treated patients had non- 
epileptic records, by comparison with three out of 
24 in the untreated group. 


Comparison of Corticotrophin with Prednisolone. 
There are obvious difficulties in comparing two 
drugs with a similar effect when patients differ in 
age, and their epilepsy differs in severity, aetiology 
and duration. However, such a comparison is 
justified in our series because the patients in each 
treatment group have the same average age (16 
months), similar average durations of symptoms 
(nine and 10 months) and are equally distributed 
between the cryptogenic and symptomatic groups. 

Both drugs were equally effective in controlling 
spasms during treatment. Considering first courses 
only, 12 out of 14 patients treated with cortico- 
trophin lost their spasms, compared with six out 
of eight given prednisolone. However, there was 
a much higher relapse rate after prednisolone than 
after corticotrophin. All six patients whose spasms 
stopped during prednisolone treatment relapsed 
afterwards, whereas only seven of the 12 who 
responded to corticotrophin did so. Corticotrophin 
was also more effective in producing a normal 
E.E.G. Seven out of 14 treated with corticotrophin 
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achieved a non-epileptic record, compared with tw» 
out of eight treated with prednisolone. The mai: 
difference was in the cryptogenic group. Fig. i 
illustrates the similar response to each drug show: 
by a patient in the symptomatic group. 

We conclude, therefore, that corticotrophin is i: 
general a little more effective than prednisolon<. 
However, this conclusion refers only to the dose; 
used by us. It is possible that a higher dose cf 
prednisolone than | mg. per lb. body weight pe- 
day would have achieved better results, althoug:: 
this is the usual dose employed in paediatric practice 
to obtain maximal effects. We have some evidence 
that the amount of endogenous adrenal steroid 
produced by patients given corticotrophin differed 
little from the amount of exogenous steroid given 
to prednisolone-treated patients. The daily urinary 
output of 17-hydroxycorticosteroids was estimated 
weekly in nine of the corticotrophin-treated patients. 
The maximal output was found to be between 10 
and 20 times the basal output. This is evidence of 
adequate adrenal response, approximating to the 
dose of prednisolone given to the prednisolone- 
treated group. It is not possible to compare more 
accurately the quantities of steroids available from 
these exogenous and endogenous sources. 


Mentality. Mental retardation is the most 
disabling feature of the clinical syndrome and the 
claim of Sorel (1959) that it can be abolished by 
corticotrophin is of paramount importance. Assess- 
ment of mental improvement is, of course, often 
difficult in these very young patients and all publica- 
tions are inadequate in the data given. Except 
where a child is said to be normal, it is difficult 
to judge how much improvement has occurred. 
It was for this reason that we decided to attempt 
more precise assessment of mental improvement by 
using Griffiths testing. 

It will be seen (Figs. 3 and 4) that initial scores 
are, in general, lower in the symptomatic group than 
in the cryptogenic group. Indeed, there are four 
in the symptomatic group who score less than 20 
compared with one such patient in the cryptogenic 
group. This confirms our clinical assessment that 
patients in the symptomatic group tend to be more 
severely retarded (Jeavons and Bower, 1961). 

No patient showed a significant increase in score 
immediately after the first course of treatment. 
We cannot therefore confirm the statements of 
Sorel and Dusaucy-Bauloye (1958) and Gasteut 
et al. (1959) that rapid mental improvement occurs 
in some patients. In several instances the scoves 
actually fell. Occasionally a child appeared more 
alert or showed some new ability, but testing 
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pati ots were low (4, 5, 4, 2). 
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a er the course showed no general advancement 
ir D.Q. 

it would perhaps be surprising if there were a 
gicat advance in mental level within a few weeks of 
cessation of spasms, and it is of more relevance to 
krow whether there is mental advancement over a 
long period, particularly when the child has been 
free from spasms and the E.E.G. has been normal 
for some time. We cannot yet answer this fully, 
but it is already clear that, in a minority of patients, 
whose spasms are arrested, a significant increase in 
development quotient has occurred. The D.Q.s of 
four patients have increased by more than 10 over 
the pre-treatment figure. Only two, however, have 
reached 80 or over, and can therefore be included 
in the normal range (Griffiths, 1954). It is the 
opinion of Sorel and Dusaucy-Bauloye (1958), 
Gastaut et al. (1959) and Low (1959) that mental 
improvement only occurs if treatment is started 
within a few weeks of the onset of spasms. Only 
one of our four patients who showed significant 
mental improvement was treated within one month 
of the onset. Six other patients treated within 
three months showed no improvement. There is 
therefore no evidence from our results that early 
treatment is necessarily important. 

There is definite evidence that mental retardation 
is not an inevitable accompaniment of infantile 
spasms untreated with steroids (Burnett, Gibbs and 
Gibbs, 1958; Jeavons and Bower, 1961) and the 
question arises as to whether the treatment given 
to our patients played any part in the mental 
improvement. Only two patients have achieved 
normal or near-normal mentality as yet. In our 
series of 30 patients not treated with corticotrophin 
or prednisolone there were two patients who, 
although not assessed on the Griffiths scale, appeared 
to be mentally normal during the second year of 
life, and have subsequently remained so. There is, 
therefore, no proof from a comparison of the two 
series that mental improvement, when it occurs 


afte: hormone administration, is due to the treat- 


mert. We have recently observed three other 
pat) nts whose spasms ceased spontaneously before 
tree.-ment could be given. They are now, at 14, 17 
anc 22 months of age, within the normal range, 


) hav ig D.Q.s over 80. On the other hand, the 
init J E.E.G. of C.1, the patient in the cryptogenic 


gro’ 9 who was treated within one month of onset 
and who now has a normal or near-normal mental 
leve was grossly chaotic (score 22; Fig. 1), whereas 
the .itial scores of four of the five untreated normal 
Moreover, his mental 
reg ssion at the onset was obviously greater than 
thei . This might mean that without steroids 


he would have continued with spasms and an abnor- 
mal E.E.G. for some time and have remained 
mentally defective, but this is impossible to prove. 
(The fifth untreated patient who is now mentally 
normal had two hypsarrhythmic E.E.G.s (score 15) 
initially.) Several patients showed a slight tendency 
towards mental improvement after spasms had 
stopped, but again this cannot be ascribed to treat- 
ment, for such a tendency to improve occurred in 
the series of untreated patients. 


Mechanism of Action of Corticotrophin and 
Adrenal Steroids. The mechanism is unknown. 
The following hypotheses are worth consideration, 
but it is admitted that there is as yet no proof of 
their validity. 

(1) CORRECTION OF FAULTY ENZYMATIC PRO- 
cesses. Although a vague concept, some recent 
work suggests that there is in this syndrome a fault 
in cerebral biochemical processes. Cochrane (1959) 
has reported abnormal results when the tryptophan 
load test (Bessey, Adam and Hansen, 1957) was 
used in five patients with infantile spasms; pyri- 
doxine produced mental improvement, stopped the 
spasms and subsequent tryptophan load tests gave 
normal results. We have therefore used the test 
in three of our patients before and during steroid 
treatment. In all three the results were abnormal 
before treatment and normal during treatment, 
when clinical and E.E.G. improvement had occurred. 
If these findings can be confirmed, it will be tempting 
to postulate that steroids act by accelerating the 
maturation of some biochemical process which is 
necessary for normal mental development and which 
inhibits epileptic discharges. The nature of the 
improvement affords some support for this concept. 
We have been impressed by the similarity between 
the pattern of clinical and E.E.G. improvement 
occurring in treated cases over a few weeks and that 
occurring in untreated cases over several years. 
In particular, the E.E.G. changes in the two groups 
are identical. Low (1958) and Armstrong (1959) 
have suggested that corticotrophin acts by accelera- 
ting maturation of enzyme systems. 

(2) CHANGES IN THE INTRACELLULAR—EXTRA- 
CELLULAR ELECTROLYTE RATios. It is known that 
the normal axon sheath excludes sodium from the 
nerve fibre and maintains a high intracellular 
potassium concentration; this state of affairs is 
temporarily reversed by the passage of a nerve 
impulse (Marshall, 1959). Possibly this pump 
action of the cell membrane is disturbed in epilepsy, 
and steroids restore its integrity, thus inhibiting 
the disordered electrical activity which is found 
particularly in infantile spasms. Evidence from 
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animal experiments (Millichap, 1958) suggests that 
the epileptic threshold for febrile convulsions is 
lower when the intracellular potassium of the brain 
is low. We can offer no evidence to support this 
hypothesis but, unlike the first hypothesis, it would 
explain the fact that improvement occurs in the 
symptomatic as well as in the cryptogenic group 
and also the finding of clinical and E.E.G. improve- 
ment during corticotrophin administration in major 
and minor epilepsy in older children (Klein and 
Livingston, 1950). 

(3) ANTI-INFLAMMATORY ACTION. It has been 
suggested by Gastaut and Roger (1953) and Gibbs 
and Gibbs (1952) that this syndrome is due, at least 
in some cases, to encephalitis, allergic or otherwise. 
The beneficial effect of hormones would then be due 
to their anti-inflammatory action. However, patho- 
logical examination shows no evidence of encepha- 
litis (Poser, 1959) and the in»provement in cases 
where the disorder is due to other causes (perinatal 
brain damage, cerebral agenesis with absence of 
corpus callosum, and phenylketonuria) makes this 
hypothesis unsatisfactory. 

(4) CORRECTION OF HYPOGLYCAEMIA OR Low 
INTRACELLULAR GLUCOSE. There was no demon- 
strable hypoglycaemia in any of our patients, nor 
did Low (1958) find any evidence of it in his cases. 
It might be argued that the hormones act by increas- 
ing the availability of glucose to the cell, but this 
again seems an unlikely explanation of the benefit 
which occurred in the symptomatic group. 


Recommendations. Since spasms are controlled 
in nearly all cases regardless of aetiology, there is 
some justification for using corticotrophin or pred- 
nisolone in any patient with this disorder. How- 
ever, the best long-term results are obtained in the 
cryptogenic group, and we would not necessarily 
recommend treatment of every patient in the symp- 
tomatic group owing to the high relapse rate in such 
patients and the evidence that mental improvement 
is unlikely. 

Treatment should be given to any patient with the 
disorder who does not have a definite history of 
perinatal or prenatal brain injury and whose previous 
development has been normal or nearly so. There 
is a fair chance of stopping spasms permanently 
and we agree with Stamps ef al. (1959) that it is 
difficult to predict which patients will respond. 
We have no proof from our trial that mental im- 
provement, when it occurs, is due to the drugs, 
but there is no other treatment which seems as 
likely to bring it about. We recommend that 
treatment should be given as early as possible, 
although again we have as yet no proof that this 


is essential to achieve normal mentality. Certait ly 
we cannot be satisfied with the results present :d 
in this paper and we feel strongly that intens ve 
efforts to diagnose and treat the condition earl er 
are needed. 

We now prefer corticotrophin to prednisolc ne 
as the initial drug. However, it may be justifia le 
particularly where long-term treatment is need d, 
to follow the first course with prednisolone, wh:ch 
can be conveniently given at home. Dumermi th 
(1959) recommends intermittent hydrocortiscne 
therapy for at least six months. The daily dose of 
corticotrophin should be at least 25 i.u., except 
possibly in the first three months of life, and it niay 
be necessary to increase the dose if there is an 
inadequate response. The minimum length of 
treatment should be one month but improvement 
may not occur until after this period (Case C.9). 
We feel that the best method of assessing improve- 
ment is by the use of the E.E.G., and a normal or 
non-epileptic record during treatment should be 
the aim. It is not necessary to use our rather 
elaborate scoring system to recognize improvement, 
but it gives a more objective assessment. Ideally 
an E.E.G. should be taken twice weekly but a 
weekly assessment may suffice. Probably the drug 
should be continued at full dosage for two or three 
weeks after a normal E.E.G. has been obtained or 
all chaos has disappeared from the record. The 
dose may then be gradually reduced. Side effects 
of treatment were minor (moon-face and water 
retention) except in one child who developed cardiac 
failure. 


Summary 


Twenty-three children with infantile spasms were 
treated with corticotrophin or prednisolone for at 
least four weeks. Spasms ceased during treatment 
in 18 patients but recurred in 13 after treatment. 

Some E.E.G. improvement occurred in all patients 
except one, and a non-epileptic record was achieved 
in nine, though relapse occurred in five of those 
whose spasms recurred. Eight were given a second 
course of treatment but seven again relapsed. 

At the end of an average follow-up period of 
eight months, 11 patients had no spasms. 

The effect of corticotrophin was similar to that of 
prednisolone, although, with the doses employed, 
corticotrophin appears preferable. No immediate 
mental improvement occurred, and only two cases 
eventually achieved a development quotient cf 80 
or more. Although the drugs had a tempcrary 
beneficial effect in both the symptomatic and cry pto- 
genic groups, better results were achieved ir the 
latter group. 
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\ comparison is made with a group of patients 
nc: treated with hormones and it is concluded 
tht on the whole these drugs have a long-term 
be reficial effect on the spasms, whereas their effect 
or mentality is doubtful. 

it is possible that under hormonal treatment 
there is an acceleration of the natural changes 
which occur with age. The mode of action is 
discussed and recommendations for treatment are 
made. 


Thanks are due to the consultant physicians of the 
Children’s Hospital and the consultant paediatricians of 
the Birmingham and Oxford Regions for allowing us to 
investigate and treat their patients; to Professor D. V. 
Hubble for encouragement and advice; to Dr. B. S. B. 
Wood for help with Griffiths testing, and for advice; and 
to Miss Doris Campbell and Mrs. S. Rickards for their 
patience and skill in the E.E.G. examination of these 
difficult patients. 
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The aetiology of congenital cerebral diplegia has 
been controversial since the earliest medical interest 
in the condition. Some authors have considered 
birth injury to be directly causal in the majority of 
patients (Little, 1862; McNutt, 1885; Gowers, 1888). 
Others have postulated the existence of some under- 
lying intrinsic abnormality of maternal reproductive 
capacity causing both disorders of parturition and 
abnormalities of the foetus (Freud, 1897; Collier, 
1899; 1923). Penrose (1938) suggested that diplegia 
with mental defect might be the result of a Mendelian 
recessive gene which could also be manifest as true 
microcephaly without diplegia. 

The present study describes investigations into the 
reproductive histories of mothers in two series of 
diplegic patients, which aimed at discovering whether 
their reproductive capacity was impaired or not. 


Terminology and Classification of Patients 


By ‘diplegia’ is understood a more or less sym- 
metrical paresis of cerebral origin, more severe in 
the lower limbs than the upper and dating from 
birth or shortly afterwards. The legs and pelvis 
are underdeveloped. Mental defect, epilepsy and 
strabismus are commonly found. The category 
excludes patients in whom involuntary movements 
or ataxia are marked clinical features. Diplegic 
patients may be further classified according to the 
state of muscle tone in the affected limbs, the extent of 
limb involvement and its severity (Balf and Ingram, 
1955). Patients with diplegia of postnatal onset 
were excluded from the series. 


Selection of Patients and Methods of Study 


Two series of mothers were studied, the first 
(Series A) consisted of 78 mothers of 79 diplegic 
patients (there being one pair of affected identical 
twins). Three other patients were one of twins. 
These patients were born between 1938 and 1952 
and were living in Edinburgh in 1952 to 1953 when 
a survey of cerebral palsy amongst children in the 
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city was undertaken. Forty-nine of the patie::ts 
were boys and 30 were girls. Their cerebral paisy 
was actively ascertained in a number of different 
ways and it is probable that this series of patients 
is representative of children suffering from con- 
genital diplegia in the community (Ingram, 1955). 
Detailed family, birth, developmental and medical 
histories were taken from the mothers. Questions 
about the course of other pregnancies, the health of 
the patients’ sibs, and the mothers’ own health 
were asked specifically. Maternity hospital notes 
of the patients and their sibs were obtained, when 
available, to supplement information given by the 
mother. The sibs were inspected wherever possible 
and if there was any suspicion of congenital mal- 
formation or neurological abnormality they were 
examined if permission was given. Unfortunately 
the study of the mothers’ reproductive histories was 
incomplete. The investigator neglected, for example, 
to obtain the date of the parents’ marriage and full 
details of mothers’ contraceptive habits or menstrual 
histories in many cases. Nevertheless, the results 
of the investigation suggested that the mothers of 
diplegic patients were relatively infertile, had many 
abnormal pregnancies, labours and deliveries and 
produced relatively few healthy offspring of average 
intelligence (Ingram, 1959). 

In order to confirm these findings and to remedy 
deficiencies in the earlier investigation a further, 
larger series of 200 mothers with children suffering 
from congenital diplegia was studied (Series B). 
The patients were consecutive referrals from all 
parts of Scotland, suffering from congenital diplegia 
who had been sent to the Edinburgh Clinic of the 
Scottish Council for the Care of Spastics between 
1945 and 1959. One hundred and seventeen were 
male, 83 were female and 20 (10%) of the patients 
were one of twins. Their ages ranged from 13 
months to 30 years at the time of the survey, but 
two-thirds were between 5 and 15 years of age. 
Many children were referred because they were 
felt to be suitable for Westerlea (a school for spastics 
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cai :ring for patients with relatively high intelligence) ; 
ot} ers because their parents were well-informed 
pec ple anxious to bring their offspring for examina- 
tio: in Edinburgh. Thus the patients tended to be 
preselected by social class, intelligence and probably 
other characteristics. They did not form a repre- 
seniative group of diplegic children drawn from the 
conimunity. 

At the clinic, parents and patients were inter- 
viewed by a social worker, paediatrician, psycholo- 
gist, and orthopaedic surgeon. Detailed accounts 
of family, birth, developmental and medical history 
were Obtained and the patients examined. The 
records of the clinic were available to the investi- 
gator who supplemented them by reference to 
hospital notes describing the births and hospital 
admissions of patients and their sibs, by personal 
interviews with parents and relatives and by her own 
examination of the patients. In 150 instances 
patients and their parents were seen in their own 
homes. In the remainder, either information in the 
case notes was adequate or the patients had emi- 
grated or lived in very remote parts of the country. 
In the latter group questionnaires were utilized. 
Since this study was predominantly concerned with 
maternal factors in the aetiology of diplegia other 


of tients by birth rank were found. 


members of the families of patients were not 
examined. 
Results of the Investigations 


Social Class. The distribution of patients by 
social class of their fathers compared to that of all 
live births in Scottish Counties of Cities, 1951, 
is shown in Fig. | (Registrar General for Scotland, 
1951). In series A there was an excess of patients 
in social classes I, I], IV and V at the expense of 
social class III, compared to all live births, differ- 
ences of distribution which are of statistical signi- 
ficance (p <0-05). In series B there was also an 
_ excess of patients in social classes I and II at the 
expense of III, but no excess in the combined classes 


IV and V. The difference between the series was 
' pro ably largely the result of the parents of patients 


_ in social classes IV and V not taking their offspring 
_ tol > examined so readily as those in classes I and II. 


Eth Rank of Patients. The proportion of 
_ pat nts suffering from diplegia in each birth rank 
_ Was compared to the expected proportion, taking 
consideration family size. In series A, no 
tically significant differences in the distribution 
In series B, 
ho. -ver, a significantly higher proportion of 

dip gic patients were first-born than would be 

exp sted (p <0-01). This may represent an actual 
ine ased liability for the first-born child to suffer 
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Fic. 1.—Comparison of percentage distribution of patients by social 

class. Patients in Series A are compared with live births in Counties 

of Cities in Scotland, 1951. Patients in Series B are compared with 
all live births in Scotland, 1951. 


from diplegia or it may merely reflect a tendency 
for parents to refer their first-born diplegic children 
more readily than those born later. 


Maternal Age. The distribution of mothers in 
series B by age at marriage was compared to that 
for mothers in the general population of Scotland 
(Registrar General for Scotland, 1951). There is a 
tendency for the age at marriage to be greater in 
mothers of diplegic children, the maximum marriage 
rate occurring in the age group 25-29 years, whereas 
the rate in the general population is highest between 
the ages of 21 and 24 years. The older age of 
marriage of the mothers of diplegic children may be 
partly a reflection of the relatively high proportion 
of fathers in social classes I and II, in which marriage 
tends to occur later than in the other social classes. 

Maternal age at the time of the birth of the 
patients in both series was studied and compared 
to the age of mothers of all live births in Scotland 
in 1951 (Fig. 2). In both series there are more 
mothers over 30 years of age than under, whereas 
the majority of mothers of live births in 1951 were 
under 30 years. In both series, the peak distribution 
of mothers by age occurs between 30 and 35 years, 
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Fic. 2.—Distribution, by maternal age at delivery, of 77 patients in 
Series A, and 198 in Series B, compared to that for all live births in 
Scotland, 1951. 


whereas the peak distribution of mothers in the 
Scottish population is in the age range 25-30 years. 
There is one striking difference between the two 
series. Whereas there is a significant excess of 
mothers under the age of 20 years compared to 
mothers in the general population in series A, this 
is not found in series B. This difference is probably 
related to the fact that a higher proportion of 
mothers in series A were in social classes IV and V 
(in which maternal age tends to be low) than mothers 
in series B or mothers in the general population. 


Maternal Health and Menstrual History. The 
methods of the investigation could not give a com- 


TABLE 1 


PHYSICAL DISORDERS AMONGST 78 MOTHERS OF 
DIPLEGIC PATIENTS IN ppd - AND 170 MOTHERS IN 


Disorder | Series A 


Series B 

Chronic infections .. 7 } 10 
Chronic anaemia 0 3 
Chronic nephritis 0 1 
Gynaecological disorders requiring 

operation .. 4 4 
Carcinoma of breast | 0 1 
Thyrotoxicosis ee 2 0 
Obesity 0 | 3 
Menopausal symptoms hs cal 0 | 5 
Obesity and menopausal symptoms 3 | 1 


33 or 19-4% 


Total 16 or 20:5% 
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plete picture of the health of mothers of the pati ‘nts 
in either series though some information was ob- 
tained (Table 1). In series A 20% of the mot cers 
and in series B 19% were considered to be 
unhealthy. In series B, 161 mothers were as<ed 
about their menstrual history. The average age 
of the menarche was 13-5 years, a figure very sin ilar 
to that of Edinburgh women (13-35 years) stu: ied 
by Provis and Ellis (1955). Menstrual irregular. ties 
were reported by only nine of the 161 mothers, 
findings which do not suggest that menst: ual 
abnormalities occur frequently. 


Birth Rates of Mothers of Diplegic Paticats, 
Average birth rates were calculated for married 
women in both series and were found to be 129-5 
per 1,000 in series A and 128-1 per 1,000 in series B. 
The figures were compared to those given by the 
Registrar General in 1951 for married women of 
comparable age in comparable communities (Table 
2). The average birth rate given for married women 
in the general population of Scotland (1951) was 
132-2 per 1,000, and for married women in Scottish 
Counties of Cities (1951) was 126°8 per 1,000. 
Married women in the general population, however, 
include a significant proportion who are childless, 
probably about 15% in Scotland (Registrar General 
for Scotland, 1951). If the proportion were 
excluded, the rates would be 155-3 and 149-4 per 
1,000 respectively, indicating that mothers of diplegic 
children are relatively infertile compared to married 
women in the general population who have borne 
children. 

A comparison was also made between the average 
numbers of live and stillbirths to mothers of diplegic 
patients at the time of the surveys and the average 
number of deliveries to married women having live 
and stillbirths in 1951. At the time of the surveys 
the mothers in series A and B had an average age of 
over 36 years and the majority could be considered 
to have completed their families. In contrast, the 
mothers in the general population had an average 
age of between 25 and 30 years in 1951, yet the 
average numbers of live and stillbirths of mothers 
of diplegic patients were only slightly higher 
(Table 2). 

The smaller number of live and stillbirths was 
due only in part to deliberate restriction of family 
size following the birth of the diplegic child, for 
the average number of preceding deliveries was «lso 
smaller than the average number that preceded ‘ive 
and stillbirths in Scotland in 1951. 


The Spacing of Pregnancies. The smaller num ber 
of live and stillbirths before the delivery of the 
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dipi:gic child was not due to any longer delay 
in Conceiving after marriage in series B. Mothers 
in ti:is group gave birth to their first live or stillbirth 
26 nonths after marriage, on average, compared 
to 29 months for all married mothers in Scotland 
giviig birth in 1951. In series B, the proportion 
of first births taking place within the first year of 
marriage (48-5 %) was a little higher than the propor- 
tion (40%) to married mothers in the general 
population in 1951. 

The spacing of pregnancies, irrespective of their 
outcome, was studied. The intervals between 
pregnancies were measured from the time of delivery 
or abortion. The average time elapsing between 
pregnancies was found to be greater than that which 
elapsed between the pregnancies of mothers of 
children suffering from other types of cerebral palsy 
(Table 3). There was a tendency in both series for 
pregnancies following the birth of the diplegic 
patient to be rather more widely spaced than those 
which preceded this birth. This difference in 
timing may be partly the result of increase in mater- 
nal age and decrease in fertility and partly due to 
contraception following the birth of an abnormal 
child. The most striking finding was that the 
lapse of time between the birth of the patient 
and the immediately preceding and subsequent 
pregnancies was very great when compared to the 
period between more remote previous and subse- 
quent pregnancies. The mothers of patients with 
congenital and acquired hemiplegia showed the 
same tendency for contiguous pregnancies to be 
more widely spaced than remote pregnancies, but 
the differences were much less marked than with 
mothers of diplegic children (Table 3). 

When the timing of abortions alone was con- 
sidered an interesting distribution was found. More 
than half the abortions in both series took place 
immediately before or immediately after the preg- 
nancy resulting in the birth of the diplegic child. 
This distribution is significantly different statis- 
tical! from that expected. 
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In series B, 148 married mothers 
vere living with their husbands were asked 
their contraceptive practices. Only 6°1% 
sed contraception in order to influence the 
g of their pregnancies, both before as well 
*r the birth of the diplegic child. Contracep- 
vas employed by 15-5% of parents only 
juent to the birth of the affected child. From 
figures it is evident that contraception can 
’e incriminated in a minority of cases as a 
of the limited reproductive capacity of 
rs of diplegic children. 
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TABLE 2 


COMPARISON OF AGES, AVERAGE NUMBERS OF OFF- 
SPRING AND BIRTH RATES OF DIPLEGIC PATIENTS 
AND MOTHERS IN THE GENERAL POPULATION OF 
SCOTLAND HAVING LIVE OR_ STILLBIRTHS IN 1951 
(REGISTRAR GENERAL FOR SCOTLAND) 


| 
| 
| Series A | Series B | Scotland, | Counties 
1951 | | of Cities 
1951 


Scottish 


Average age (in yrs) | | 
of mothers at time | | 
of study .. eal 36 40 25-30 | 25-30 

Average number of 
live and stillbirths 
at time of study ..| 2:6 2:8 2:3 | 

| 

Average age (in yrs) 
at birth of patients 
or live and still- | | 
births in 1951... 29 29 25-30 25-30 

Average number of 
surviving and still- 
born offspring 
before birth of 
patients or chil- | 
dren born in 1951 1:0 | 1-2 1-5 a 


Birth rate per 1,000 
married women 
aged between 16 
and 44 years 


129-5 128-1 


| 126-8 


TABLE 3 


AVERAGE NUMBER OF MONTHS ELAPSING BETWEEN 

TERMINATION OF PREGNANCIES (INCLUDING ABOR- 

TIONS) BEFORE AND AFTER BIRTH OF DIPLEGIC AND 
HEMIPLEGIC PATIENTS 


| Acquired |Congenital 
Series A | Series B |Hemiplegia| Hemiplegia 


Number of mothers | 
with pregnancies | 
other than that 
resulting in birth 
of patient i 62 | 157 50 50 

Number of pregnan- | 
cies before birth of | 
patient .. 71 | 243 84 54 

Number of pregnan- 
cies after birth of | 
patient .. 59 181 66 51 

| 

Average period (in 
mths) elapsing be- | 
tween remote preg- 
nancies before 
birth of patient .. 28 


Average period (in 
mths) elapsing be- | 
tween immediate | 
previous pregnan- 
cy and birth of | 
patient... Re 34 | 41 43 32 

| 

Average period | 
elapsing between | 
birth of patient | 
and immediately | 
subsequent | 


preg- 
nancy 


34 
Average period elap- 


sing between re- 
mote subsequent 


pregnancies 20 | 
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SERIES _A 

UNCOMPLIC 

PREGNANCY 
44 MATURE UNCOMPLICATED PARTURIT 35 PREMATURE 
PATIENTS PATIENTS 


AND PARTURITION 


34% 


14 
% ABNORMAL 
PREGNANCY ONLY 


23% 


ABNORMAL 
PREGNANCY ONLY. 


18% 


ABNORMAL 
PARTURITION ONLY 


20% 


ABNORMAL 
PARTURITION ONLY 


23% 


ABNORMAL 
PREGNANCY 
AND PARTURITION 


43% 


ABNORMAL 
PREGNANCY 
AND PARTURITION 


25% 


SERIES B 
107 MATURE 93 PREMATURE 
PATIENTS AND PARTURITION | AND PARTURITION PATIENTS 


24% 


PREGNANCY ONLY 


30% 


PARTURITION ONLY 


29% 


ABNORMAL 
PARTURITION ONLY 


ABNORMAL ABNORMAL 
PREGNANCY PREGNANCY 
AND PARTURITION AND PARTURITION 


28% 33% 


Fic. 3.—Abnormalities of the pregnancies, labours and deliveries 
resulting in the birth of diplegic patients. 


Pregnancies Resulting in the Birth of Diplegic 
Patients. The pregnancies and deliveries resulting 
in the birth of the diplegic child were more often 
complicated than the mothers’ other pregnancies. 
Nevertheless a considerable proportion of diplegic 
patients were born after normal pregnancies. Taking 
both series together, between one quarter and one 
third of pregnancies resulting in diplegic patients 
showed no abnormality apart from premature birth. 

Pregnancy, labour and delivery were considered 
separately and the proportion of abnormalities 
in each was noted (Fig. 3). 


The Other Pregnancies of Mothers of Diplegic 
Patients. Mothers in both series had a high 
proportion of disordered pregnancies, labours and 
deliveries not only with the patient but also with 
prior and subsequent conceptions. Only 53% of 
the multiparous mothers in series A and 50% in 
series B had other pregnancies, labours and deliveries 
which were all normal. The commonest abnor- 
malities of pregnancy and parturition in both series 


SERIES _ A 

71 PREGNANCIES 59 PREGNAt CIES 
BEFORE BIRTH AFTER © 3TH 
OF PATIENT UNCOMPLICATED UNCOMPLICATED OF PAT =NT 


PARTURITION 
9 
56% 


PARTURITION 


ABNORMAL 
PARTURITION 


25% 


ABNORMAL 
PARTURITION 


30 % 


ABORTION 


19% 


UNCOMPLICATED 
PARTURITION 


54% 


SERIES B 


153: PREGNANCIES 
BEFORE BIRTH 
OF PATIENT 


120 PREGNANCIES 
AFTER BIRTH 
OF PATIENT 


UNCOMPLICATED 
PARTURITION 


61% 


ABNORMAL 
PARTURITION 


25% 


Fic. 4.—The proportion of abnormal pregnancies before and after 
the births of diplegic patients. 


were threatened abortion, pre-eclampsia, antepartum 
haemorrhage, prolonged labour, forceps delivery, 
breech extraction and premature birth, several 
of which occurred in association in many cases. 
No particular abnormality occurred strikingly often, 
relative to the incidence of the other disorders, but 
approximately 12% of all pregnancies in both series 
(other than those ending in abortion) resulted in the 
birth of premature infants. Pregnancies before 
and after the birth of the diplegic patients were 
separately analysed for abnormalities but no 
statistically significant differences were found. In 
both series between one quarter and one third of 
all pregnancies, labours and deliveries (other than 
those which terminated in abortion or in the birth 
of diplegic patients) were abnormal. When abor- 
tions are included, between one third and one half 
of other pregnancies were complicated (Fig. +). 


The Fate of all Conceptions of Mothers of Dip’egi¢ 
Patients. The fate of all the known concep: ions 
of mothers in both series was studied. It was f«-und 
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tht a high proportion of them failed to result in 
thc birth of healthy offspring, of average intelligence 
wl o survived the first year of life (Fig. 5). In both 
series, about 10°, of conceptions ended in abortion. 
The combined stillbirth and infant mortality rate 
in series A was similar to that for the population 
in scotland in 1951, but the combined rate in series B 
was almost twice as great in spite of the fact that 
so many mothers were in the social classes I and II 
(Table 4). 

From Fig. 5 it will be seen that in both series 
about half the offspring who survived infancy were 
abnormal, the majority comprising the diplegic 
patients. A considerable proportion of live born 
sibs suffered from mental and neurological abnor- 
malities and developmental malformations, although 
full details about them were impossible to obtain. 


SERIES A 


“CONGENITALLY 
PHYSICALLY OR 


PHYSICALLY AND 
MENTALLY NORMAL 
SIBLINGS 


42% 


SIBLINGS 


DIPLEGIC PATIENTS 


35% 


SERIES 


PHYSICALLY - AND 
MENTALLY NORMAL 
SIBLINGS 


47-1% 


DIPLEGIC PATIENTS 


30.9% 


FiG. ‘.—The results of 214 conceptions to 75 mothers of children 
suff. ng from diplegia in Series A and 646 conceptions to 200 mothers 
in Series B. 


The available information about both live and dead 
sibs is summarized in Table 5. In series A two 
sibs suffered from cerebral palsy, neither of them 
being diplegic; in series B one sib suffered from 
diplegia and two from other kinds of cerebral palsy. 
It was interesting to find that there was no signifi- 
cant difference in the proportion of abnormal preg- 
nancies, labours and deliveries resulting in the birth 
of normal sibs and those resulting in the birth of 
abnormal sibs including those who died in infancy. 
When the conceptions which ended in abortion, 
stillbirth, infant death, and the birth of patients 
and their abnormal sibs are subtracted from the 
total conceptions, it is found that, in neither series 
did more than half result in the birth of healthy 
children of average intelligence. These figures 
represent a high foetal and infant casualty rate. 


TABLE 4 


COMBINED STILLBIRTH, NEONATAL AND POST-NEO- 

NATAL DEATH RATES, BY SOCIAL CLASS OF OFFSPRING 

OF MOTHERS IN SERIES A COMPARED WITH ALL LIVE 
AND STILLBIRTHS IN SCOTLAND, 1951 


Social Class 


Death Rates 
land II | Ill | IVand V 
Series A. Combined rate per 
1,000 live and stillbirths 84-1 | 124-5 129-4 
Combined rate per 1,000 live and | | | 
stillbirths in Scotland, 1951 42°5 | 64°5 76°5 
TABLE 5 


CONGENITAL ABNORMALITIES OF LIVING SIBLINGS OF 
DIPLEGIC PATIENTS, AND CAUSES OF DEATH OF 
SIBLINGS DYING IN THE FIRST YEAR OF LIFE 


Condition | Series A Series B 
Surviving siblings | 
Cerebral palsy .. 2* 3 
Epilepsy 2 | 1 
Mental retardation <I 11 | Not known 
Mongolism 0 | 2 
Other malformations .. z | 3 
Siblings who died neonatally 
Spina bifida ae 1 0 
Multiple congenital deformities aul 1 0 
Convulsions and cerebral enemas 2 1 
‘Prematurity’ .. 2 15 
Infections 0 2 
Unknown causes of 0 8 
Total .. 6 26 
Siblings who died post-neonatall ” 
Febrile convulsions > 3 3 
Meningitis 0 2 
Encephalitis .. = 1 1 
Spina bifida ‘ 0 z 
Congenital heart disease 0 1 
Other and unknown causes 0 3 
Total .. 4 17 
Total live born siblings a - 193 358 


* Excluding identical diplegic twins. 
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Discussion 


Underlying abnormalities of maternal reproduc- 
tive capacity which might be responsible for abnor- 
malities of the foetus and abnormalities of par- 
turition were postulated as the cause of diplegia in 
a proportion of cases by Freud (1897). Arguments 
based on the clinical and pathological findings to 
support this theory were offered vehemently by 
Collier (1899, 1923). He was impressed by the 
remarkable symmetry of the neurological abnor- 
malities, the pathological appearances, and by the 
frequency with which associated malformations were 
observed. He felt that ‘diplegia’ was more likely 
to be the result of either intrinsic failures of neuronal 
development or of processes of neuronal degenera- 
tion, than to be directly attributable to birth injury. 
A somewhat similar argument in favour of diplegia 
being due to cerebral maldevelopment more often 
than to birth injury was presented by Yannet (1944). 
Stewart, however, emphasized the diversity of 
pathological appearances and thought that different 
aetiological agents were probably important in 
different patients though he thought that Collier’s 
explanations were valid for a considerable propor- 
tion of cases (Stewart, 1942). Recent studies have 
attempted to define two groups of diplegic patients. 
First, those with relatively uncomplicated para- 
plegia who tend to be born prematurely after 
pregnancies, labours and deliveries which were not 
disordered; second, patients with complicated 
diplegia (triplegia or tetraplegia), often with mental 
retardation and epilepsy who were more often 
born at term after disordered parturition (Childs 
and Evans, 1954; Polani, 1958, 1959; Russell, 1960). 
There appear to have been remarkably few attempts 
to discover if the mothers of diplegic patients do, 
in fact, show evidence of underlying abnormalities 
of reproductive capacity. 

The findings in the present investigations support 
the thesis that mothers of diplegic patients may have 
underlying abnormalities of reproductive capacity. 
These are manifest in the paucity of their concep- 
tions, the frequency with which there were disorders 
of pregnancy, labour and delivery and their tendency 
to produce poor quality or malformed offspring, 
many of whom died in infancy. The abnormalities 
of the offspring could not be related consistently 
to abnormalities of parturition for their pregnancies, 
labours and deliveries were no more often disordered 
than those of healthy sibs. 

There is some evidence to suggest that the effects 
of possible underlying abnormalities of reproductive 
capacity are greater at the time of gestation of the 
diplegic patients than at other times. The periods 
of infertility immediately before and immediately 
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after the birth of the diplegic child are greater tl an 
the periods which elapse between more rem )te 
previous and subsequent pregnancies. More of he 
contiguous conceptions end in abortion or re 
otherwise disordered than are pregnancies, labo irs 
and deliveries which are more remote. 

The finding of a period of particularly impai ed 
reproductive capacity at about the time of bi th 
of the diplegic child allows a different  inter- 
pretation than the usual one of high incidence of 
abnormal pregnancy and parturition resulting in -he 
birth of diplegic patients. The temporary incre ise 
in the severity of the effects of the underly:ng 
abnormalities of reproductive capacity might be 
expected to result in a higher incidence of disordered 
parturition and also in a higher incidence of foetal 
abnormality. Therefore foetal abnormality (in this 
case, diplegia) and abnormal parturition would be 
likely to occur more frequently than in periods of 
greater fertility. On the other hand they would not 
be expected to be present together in all cases, for 
in some only parturition would be affected and in 
others the foetus would be abnormal but parturition 
uncomplicated. It seems easier to explain the 
quarter to one third of normal pregnancies, labours 
and deliveries resulting in the birth of diplegic 
patients in this way than to assume that severe birth 
injury occurred in them all, without clinical abnor- 
mality of parturition being apparent. 

It is possible, however, to suggest a number of 
other interpretations of the findings. The under- 
lying defect of reproductive capacity may not 
affect the foetus by causing diplegia directly. The 
effect may be to predispose the child to suffer arrest 
of cerebral development or neuronal fall out, 
should the natal or postnatal environment be the 
least unfavourable. Thus minor degrees of natal 
or postnatal hypoxia, which would not be damaging 
to normal healthy infants might cause marked brain 
damage in those who had been predisposed. It is 
possible to postulate that there are cases in which 
the foetus is only mildly predisposed to suffer from 
arrest of cerebral development or neuronal degenera- 
tion. In these, gross hypoxia or trauma during 
parturition would be required to cause brain damage. 
In more severely predisposed patients, however, 
relatively slight hypoxia or trauma during birth 
might be sufficient to cause cerebral abnormalities. 
Unfortunately it is possible only to speculate about 
the nature of these predisposing factors. 

The nature and mechanisms of action of abnor- 
malities of maternal reproductive capacity are «lso 
obscure. High maternal age is certainly imporiant 
in causing diminished fertility, an increased | re- 
valence of abnormalities of pregnancy and ; al- 
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tur tion and an increased incidence of foetal mal- 
for nation (Murphy, 1940). A number of chronic 
illnesses, notably diabetes, thyrotoxicosis and 
gynaecological disorders, diminish fertility and have 
been thought to be associated with an increased 
inc:dence of foetal malformation and abnormalities 
of parturition. One-fifth of the mothers in the 
Edinburgh series were found to be suffering from 
chronic diseases, a high proportion of which 
affected the reproductive system but the way in 
which these disorders may have acted to cause foetal 
abnormality and disorders of the reproductive 
mechanism is largely unknown. Similarly it is 
impossible to assess the importance of abnormalities 
of male reproductive function or of mutating or 
recessive genes in the aetiology of diplegia on the 
basis of the present data. It may well be that the 
rapidly developing methods of genetic research 
may make fundamental contributions in this field. 


Summary 

The reproductive histories of 278 mothers of 
diplegic patients in two series were examined. 
Mothers of diplegic patients were older when they 
married than were women in the general population 
of Scotland. More were over 30 years of age when 
they gave birth to diplegic children than expected. 

Mothers of diplegic children had fewer concep- 
tions than married child-bearing women in the 
population of Scotland and their pregnancies were 
more widely spaced. A high proportion of their 
pregnancies aborted or were otherwise abnormal. 
Many of their offspring were stillborn, died in 
infancy or showed neurological or other defects 
if they survived. Less than half the conceptions 
resulted in the birth of healthy offspring who survived 
the first year of life. 

There tended to be periods of relatively decreased 
ferti'ity immediately. before and after the birth of 
patients. Pregnancies contiguous to those resulting 
in te birth of diplegic children were more often 
abnc rmal than those which were more remote. 

Te findings are thought to provide some evidence 
in s :pport of the theory that underlying abnor- 
mal. ies of the reproductive process in mothers of 


Little, W. 


diplegic children, may be responsible for both 
disorders of pregnancy, labour and delivery and 
for the production of abnormal offspring. 


These investigations were made possible by the Scottish 
Council for the Care of Spastics who provided facilities 
for research including financial support. Dr. J. A. 
Naughton and Mr. G. A. Pollock kindly granted free 
access to the Council’s records. We are grateful for the 
support and helpful advice of Professor R. W. B. Ellis 
during both the investigations and in the preparation of 
this paper. Mr. Cyril Shepley kindly made our diagrams. 
We have received much secretarial help from Miss B. 
Sinclair of the Scottish Council for the Care of Spastics. 

These investigations were carried out during the tenure, 
by Dr. Russell, of a graduate research fellowship from 
the University of Edinburgh, in 1959-60 and the tenure 
by Dr. Ingram of a George Guthrie Research Fellowship 
in the University of Edinburgh in 1952-1953. 
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There is considerable evidence of an association 
between experiences during pregnancy and the health 
of the child. Pasamanick and Knobloch (1958), 
for example, report that ‘in a series of studies . . 
we found that certain complications of pregnancy 
were significantly related not only to mental defi- 
ciency (Pasamanick and Lilienfeld, 1955a), but also 
to cerebral palsy (Lilienfeld and Pasamanick, 1955), 
epilepsy (Pasamanick and Lilienfeld, 1955b), reading 
disability (Kawi and Pasamanick, 1958), tics 
(Pasamanick and Kawi, 1956), and behaviour 
disorders of childhoed (Pasamanick, Rogers and 
Lilienfeld, 1956).’ 

There is some evidence that emotional stress 
during pregnancy may affect the foetus. Sontag 
(1941) has shown a relationship between such stress 
and foetal activity. Retrospective studies by Stott 
(1957, 1958) have* suggested that ‘troubles’ during 
pregnancy may be associated with the occurrence 
of mental retardation, mongolism and other con- 
genital malformations, and ‘non-epidemic’ ill health 
in the first three years of life. Although the 
emotional and physical components of stress could 
not be separated, the majority of the ‘troubles’ 
reported were primarily mental. 

The present investigation was planned as an 
exploratory prospective study of the relationship 
between emotional stress during pregnancy, and 
the condition of the baby in the first three months 
of extrauterine life. As the sample was small, 
attention was focused on growth and neuromotor 
development, rather than on the occurrence of 
relatively rare events such as death or major defects. 
As will be shown, the findings suggested a relation- 
ship between antenatal stress and the infant’s level 
of motor development. 


Subjects and Method 


The study took place in 1959-60, in an extremely poor 
Durban suburb which receives a health service from the 
Institute of Family and Community Health. An 
endeavour was made to study as many as possible of the 
Indian women who were resident in the area until their 


BY 
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confinement, and gave birth within a defined six-month 
period. As, however, many residents used other health 
services, or none, this attempt was only partially success- 
ful. We knew of 136 eligible women, of whom 101 
(74%) were included in the study. Seven women refused, 
one was too ill, and the other 27 gave birth before we 
were able to interview them. As official records indicate 
that approximately 84 other women gave birth in the 
area during this period, the sample is not necessarily 
representative of the community. 

The 101 women studied ranged in age from 16 to 
46 years (median: 24), and in gravidity from one to 13 
(median: four). Most were Hindu (84), a few being 
Christian (16) or Moslem (one). Most were Tamil- 
speaking (71), and the remainder Telegu (17), Hindi (12) 
or Urdu-speaking (one). They had had from nought 


to eight years of schooling (median: one). All but three 
were married. Their monthly income (per member of 
household) ranged from 7s. 6d. to £12 13s. (median 
£2 19s. 6d.). Their husbands were, for the most part, 
semi-skilled or skilled workers, mainly in industry; 
a number were unemployed or on ‘short time’. Only 
seven of the women had worked for gain during their 
pregnancy. The majority had signs of malnutrition. 

Each woman was interviewed by the same investigator 
in her third trimester; 50 in the last month of pregnancy, 
33 in the second-last, and 18 in the third-last month. 
Set questions were asked about the woman, her home 
circumstances, her diet and her troubles. Appraisals of 
stress were subsequently based on these interviews (see 
below). A physical examination was performed on all 
but a few of the women, including an assessment of 
nutritional state (see below). 

Forty-eight of the women were delivered at home by a 
midwife, and 22 in hospital. The other 31 had no skilled 
intranatal care. Records of delivery were not available 
for this latter group. A number of the babies in this 
group were, however, seen at home soon after birth, 
so that birth weights were available for a total of 83 
babies. 

The home was visited as soon as possible after delivery, 
and the neuromotor development of the baby tested ] 
(see below). Further neuromotor examinations were 
carried out by the same investigator at four weeks and 
13 weeks after delivery. The babies’ median ages a the 
three examinations were, respectively, 3, 32 and 93 «ays. 
At the first examination the baby’s length was meas: red, 
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ar 1 at each examination the baby was weighed. A full 
pl ysical examination was carried out at 13 weeks. At 
ea’h contact, the mother was asked about the baby’s 
ill::esses, feeding and progress. 

»ractical difficulties prevented a rigid adherence to the 
above schedule. As there was sometimes a delay before 
we knew of the confinement, and as three babies died 
in the neonatal period, only 84 initial examinations were 
carried out. Subsequently one other baby died, one 
was adopted, and three left the area. The four-week 
examination was performed on all but five, and the 
13-week examination on all but one, of the babies still 
in the sample. Of the babies whose birth weights were 
known, initial neuromotor examinations were conducted 
on 73; the major findings will relate to this group. 

lt proved impossible to ensure that babies were 
examined at identical ages. In 17% of cases the initial 
examination was delayed until the second week of life. 
The ‘four-week’ examination was delayed until the age 
of 5 weeks in 19% of cases, and until 6 weeks in 2%. 
The ‘13-week’ examination was delayed until 14 weeks in 
14°,, 15 weeks in 9%, and still later in 5%. However, 
as the arrangements for examination were made without 
reference to the assessments of antenatal stress, this 
‘variation is unlikely to have introduced a bias; there was 
in fact no relationship between the degree of antenatal 
stress and the child’s age at examination. 

Full data were not available in all cases, for the 
reasons given above, and also because some women 
were unable to give definite answers (concerning, for 
example, household income) and occasional questions 
and procedures were inadvertently omitted. Such cases 
are omitted from the relative analyses. 

In testing the statistical significance of the findings, 
use was made of the tables provided by Armsen (1955) 
or, where these were not applicable, of chi-square tests, 
with Yates’ correction. 


Antenatal Stress. Assessments of stress were based 
on the responses to the following questions: 

How are you feeling? How have you been feeling 
since you became pregnant? 

Since you became pregnant, have you had any 
iiinesses, operations, accidents, shocks or frights, or 
orries ? 

Are the other members of your family well? 

Is your husband in a stable job? Is his job secure? 

Have you been working during your pregnancy ? 

Do you mind whether you have a boy or a girl? 

Were you pleased when you found you were preg- 
r nt? 

Have things been going smoothly in your home? 

Does all go well between you and your in-laws? 

Does all go well between you and your husband? 

Have you any other worries? 

Do you think your baby will be all right? Do you 
‘ ‘nk any of these troubles may affect your baby? 


xe Stott (1958), we considered it advisable to rate 
the yvoman’s stress by, as far as possible, objective situa- 
tio il criteria. To quote Stott, ‘a situation or event 
wa rated as distress or shock-producing if this would 


have been its expected effect upon an emotionally stable 
woman’. To this end, the assessment was made some 
time later, on the basis of the written record, by the two 
investigators who had not participated in the interview. 
A scale of 0 to 5 was used. Typical examples were: 


| 


Assessment | 
1 
2 


Stress 


Minimal stress: Slight abdominal pain for a week. 


Mild stress: Husband on ‘short time’: unemployed 
for one or two days a week: no financial strain. 


Moderate stress: Husband unemployed for three 
months: son is working, supplies groceries. 


Marked stress: Husband convicted of offence: 
struggling to repay money borrowed to pay fine. 


Extremely marked stress: Flooded out of house 
when canal burst: family had to flee for shelter. 


| 
| 


Each circumstance which the woman had mentioned 
was rated in this way, and the highest rating allotted 
to her was taken as her stress rating. In this way the 
women were divided into two groups: those who had 
experienced moderate or major stress (ratings 3 to 5), 
and those who had not (0 to 2). Separate assessments 
were made of stress in the first four months of pregnancy, 
and of stress from the fifth month onward. Except 
where otherwise stated, the latter assessment is the 
one used in the analyses. There was a high correlation 
(r = +0-80) between these ratings of stress in late 
pregnancy and similar ratings made by the interviewer 
at the time of the interview, taking into account the 
woman’s overt expressions of stress as well as her 
responses. 


Nutritional State. The mother’s nutritional state was 
assessed by (a) rating the degree of four skin lesions 
(skin xerosis, phrynoderma, follicular enlargement, and 
dyssebacia/folliculosis) on her face, the back and front 
of her chest, her shoulders, upper arms and thighs; 
(b) noting the presence of selected lip, gum and tongue 
lesions; (c) measuring her arm skinfold thickness, using 
the Harpenden caliper (Edwards, Hammond, Healy, 
Tanner and Whitehouse, 1955), and height in late preg- 
nancy, and her weight three months after delivery. 
The methods used have been described in detail elsewhere 
(Abramson, Gampel, Slome and Scotch, 1960). 

The baby’s nutritional state was assessed at the 13-week 
examination, by noting the presence of glossitis and of 
skin xerosis (dullness, dryness or increased reticular 
markings) on the face, forearms or legs. 

Neuromotor Development. The test procedures fell 
into three groups: 

(a) Tests of muscle tone, based on those described 
by Geber and Dean (1957). As the tests we selected were 
found to have no discriminatory value, 94-100% of the 
babies reacting similarly, these tests and the findings will 
not be detailed. 

(b) Tests of adaptive behaviour: the ‘dangling ring’, 
‘bell-ringing’, and ‘rod in hand’ tests (Gesell and 
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Amatruda, 1941). As these tests also elicited little or 
no variation, the findings will not be. detailed. 

(c) Tests of gross motor behaviour (Gesell and Ama- 
truda, 1941). The following five procedures were applied 
and the responses rated as shown. The sum of these 
ratings was used as the baby’s ‘motor:score’; the higher 
this score, the higher the developmental ~level. In 
occasional cases, the baby’s response to a specific pro- 
cedure was inadvertently left unrecorded; this applied 
to 1% of the individual procedures; in calculating the 
‘motor scores’ of such babies, the missing rating was 
taken as 1. 


(i) Pull to sitting. The baby was pulled by the arms 
from a supine to a sitting position, and the pre- 


sence of head lag recorded 0 = complete or 
marked lag; 1 = moderate lag; 2 = slight or no 
lag. 


(ii) Sitting supported. The child was then held in 
the sitting position, supported by the sides of 
the chest, and the upper back observed. 0 = 
back rounded; 2 = back straight. 

(iii) Standing supported. The baby was then held in 
the standing position. This test was omitted in 
the initial examination. 0 = slight or no resis- 
tance to table top; 1 = appreciable weight 
support; 2 = rises to toes. 

(iv) Prone (held). The child was then suspended in 
the prone position, and the head observed. 
0 = head droops; 2 = head up. 

(v) Prone on table. The baby was then placed prone 
on the table, with the head turned to the mid- 
position, and the head watched. 0 = head not 
raised; | = raised momentarily; 2 = raised for 
several seconds or recurrently. 


Results 


Relationship with Baby’s Weight and Length. 
Babies born to women who had experienced moder- 
ate or major antenatal stress did not differ signi- 
ficantly in weight (at birth, 4 weeks, or 13 weeks) 
or in length from those born to other women. 
Prematurity rates (birth-weights of 54 lb. or less) 
were 14% and 18% respectively. 


Relationship with Baby’s Motor Development. 
Babies born to mothers who had experienced 
moderate or. major stress tended to have lower 
‘motor scores’ at their first examination. This ten- 
dency was, however, not statistically significant 
(p <0-20). A similar tendency was found in 
respect of three of the four separate test procedures, 
reaching statistical significance (p-<0-02) in respect 
of one (the ‘prone on table’ test). 

It was thought possible that the inclusion of 
babies of all birth weights might be obscuring an 
actual relationship, as the heavier babies might be 
more mature. Among babies weighing 8 lb. 0 oz. 
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or less, there was no evidence whatever that th ir 
‘motor scores’ varied with their weight. Howev -r, 
it was noted that of the babies who were heav er 
than this, none had low ‘motor scores’. Althou zh 
they were few in number, so that this difference w as 
not a significant one, it was considered advisai ‘le 
to exclude them from the analysis. According y, 
a separate analysis was made of the babies weighi 1g 
8 lb. 0 oz. or less at birth, i.e. excluding heav er 
babies and those with unknown birth’weights. It 
was not considered necessary to exclude the vi ry 
light babies, both because they did not differ in th:ir 
‘motor scores’, and because it is doubtful whether 
in this community a very low birth weight-is usuaily 
indicative of immaturity; it has been noted, for 
example, that although the prematurity rate is very 
high, the first-week mortality rate ascribed to pre- 
maturity is not high (Kark, 1957). Although 
studies elsewhere have shown a relationship between 
prematurity and disturbed neuromotor development 
(Drillien, 1959; Knobloch and Pasamanick, 1959a 
and b), this relationship is marked only among 
extremely small premature babies. Only two of our 
babies weighed under 44 lb. at birth, and none under 
34 1b. Neuromotor examinations were carried out 
soon after birth on 66 babies weighing 8 Ib. 0 oz. or 
less at birth, of whom 40 were born to mothers 
who had experienced moderate or major antenatal 
stress, and 26 to mothers with little or no stress. 
These groups will be referred to as the ‘high-stress’ 
and ‘low-stress’ groups respectively. 

There were clear indications that the babies in the 
high-stress group were relatively backward when 
first examined. Seventeen of the 40 had ‘motor 
scores’ below 3, compared with four of the 26 in the 
other group (p <0-05). Two of the individual 
test procedures showed similar differences. The 
percentage with rounded backs when sitting sup- 
ported was 33 for the high-stress group, and 7 for 
the low-stress group (p <0-05). The percentage 
who did not raise their heads when laid prone on 
the table was 63 for the high-stress group, and 29 
for the low-stress group (p <0-05). The ‘pull to 
sitting’ test showed a similar tendency which 
however, fell short of significance. 

A similar relationship was found at the 4-week 
examination of babies weighing 8 lb. 0 oz. or less 
at birth. Of the 38 ‘high-stress’ babies examined, 
25 were relatively backward (‘motor scores’ of 
under 8), compared with five of the 23 ‘low-stress’ 
babies (p <0-01). The individual test procedures 
showed similar relationships, but these were not 
significant. 

At 13 weeks, no relationships with antencetal 
stress were manifested, either by the ‘motor sccre’ 
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TABLE 1 


COMPARISON OF MOTHERS UNDERGOING MODERATE OR MAJOR STRESS WITH THOSE 
UNDERGOING LITTLE OR NO STRESS* 


| 
Low-stress | pt 


High-stress 
| Group | Group 
Age (yrs): Median | 27°5 23 
Aged 30 or over (%) ; 38 15 <0-05 
Schooling: a (years of schooling) 0 (38) 3 (26) 
No schooling (%) 53 (38) 27 (26) 
Religion: Hindu(%) .. 90 85 
Home circumstances: 
No. in home: Median .| 6 6 
10, or more (%) 28 8 
Crowding index:{ Median .. 4 3 
5 or over (%) 45 } 8 <0:-01 
Monthly income per member of household (shillings): Median sisi i i 44 (34) 68 (21) 
Und er 40 (%) ais a al 33 (36) 14 (22) 
Monthly food expenditure per member of household (shillings): Median én oa 29 (31) 36 (21) 
Under 30 ( “%) 55 (31) 24 (21) 
Diet (no. of days per week on senaee item is taken): 
Meat or fish: Median 2 3 
Under 2 (%) 35 8 <0-02 
Milk (as a beverage): Median . 0 1 
Not taken ( %) 71 40 <0-05 
Fruit: Median | 1 6 
Under 2 (%) . | 58 23 | <0-02 
Nutritional state: | | 
Skin lesions (median scores): Skin xerosis (range 1 to 27) 12 (37) 11 (25) } 
Phrynoderma (range 0 to 7) : 1 (37) 1 (25) 
Follicular enlargement (range 0 to 6) 0 (37) 1 (25) 
Dyssebacia/folliculosis (range 0 to 6) 1 (37) 2 (25) 
Moderate or marked mucosal lesions (%): Lips bs 0 (37) 4 (25) | 
ums (37) 12 (25) | 
Tongue 16 (37) 16 (25) 
Arm skinfold thickness (mm. ): Median ae 10-1 (37) 9-8 (25) 
Height (in.): Median 60-5 (37) 59-5 (25) 
Weight (Ib.): Median 110 (27) 101-5 (22) 
120 or over ( %) 33 (27) 9 (22) 
Pregnancy: 
Work during pregnancy (%) 7 12 | 
Calculated gestation period (wks): Median A 39 (24) 40 (19) | 
Complaints of ill health (%): In first 4 months .. 45 46 | 
Later in pregnancy 75 46 | <0-05 
Delivery: | 
Duration of second stage (min.): Median 15 (17) 15 (17) 
‘Easy labour’ reported by mother (%) 72 (39) 73 | 


* These findings relate to women whose babies weighed 8 Ib. 0 oz. 
of life. There were 40 such women in the high-stress group, and 26 in the low-stress group. 
for all women; in such cases the figures are based on the number of women shown in parentheses. 


Stated only if under 0-05. 


+ The probability that the difference may be due to chance. 


t Number in household — number of rooms used for sleeping. 


or by the results of separate tests. Of the 35 ‘high- 
stress’ babies examined, six had ‘motor scores’ 
of under 8; of the 26 ‘low-stress’ babies, four. 

It was considered likely that the association of 
ante \atal stress with a low level of motor develop- 
men in these subjects was a real one, and not a 
mer: chance finding resulting from vagaries in the 
app: .isals of stress or motor capacity. A relation- 
ship nanifesting itself by the use of more than one 
Sepa ite test procedure, and found at two different 
Stag in the infant’s life, was considered unlikely 
to b: an accidental artefact. 

H wever, it was possible that the differences in 
mot’ development between the two groups were 
exp sions, not of differences in antenatal stress, 
but f coincidental differences between the two 
grou s. Accordingly, the ‘high-stress’ and ‘low- 
Stres groups were compared in respect of a number 


at birth and had a neuromotor examination in their first two weeks 
In some respects data were not available 


of other variables. The salient findings are sum- 
marized in Tables 1 and 2. Wherever a difference 
was found, the role of the factor was explored by 
(a) seeking evidence of a relationship between it and 
the babies’ initial ‘motor scores’, in the ‘high-stress’ 
group, in the ‘low-stress’ group, and in both com- 
bined; and (5) seeing whether the ‘high-stress’ babies 
were more backward than the ‘low-stress’ babies 
when the factor was held as constant as the small 
numbers of babies permitted. 

Although a number of differences were in fact 
found between the two groups, they did not appear 
to be relevant to the developmental differences found. 
The ‘high-stress’ women tended, for example, to be 
older. However, neither among these women nor 
in the other group, nor in both combined, was there 
any suggestion of a relationship between mothers’ 
ages and their babies’ ‘motor scores’. Among 
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TABLE 2 


COMPARISON OF BABIES BORN TO MOTHERS WITH MODERATE OR MARKED STRESS, 
WITH THOSE BORN TO MOTHERS WITH LITTLE OR NO STRESS* 


High-stress Low-stress pt 
Group Group 
Birth rank: 
Median .. 4-5 3 
1 or 2(%) 15 46 0-0 
Weight (Ib.): 
At birth: Median ‘ 6°75 6:25 
Under 7 50 65 
At 4 weeks: Median 8-1 (38) 7-9 (22) 
Under 8:5 (% ) 61 (38) 75 (22) 
At 13 weeks: Median 11-4 (35) 11-4 (25) 
Weight growth (mean increment per week (0z.)): 
Birth to 4 weeks: Median (range 0 to 10-8) 4-2 (37) | 4-7 (21) 
Birth to 13 weeks: Median (range —0-3 to +10- ) 5-2 (34) | 5-4 (25) 
Length at first examination (in.): Median ‘ 19 18-9 
Nutritional state at 13 weeks: 
Skin xerosis present (%) Sua 43 (35) 44 (25) 
Glossitis present (%) aad 14 (35) 19 (25) 


* These findings relate to babies weighing 8 lb. 0 oz. or less at birth, who had a neuromotor examination in their first two weeks of 


life. 


There were 40 such babies in the high-stress group, and 26 in the low-stress group. 


In some respects data were not available 


for all babies; in such cases the figures are based on the number of babies shown in parentheses. 
+ The probability that the difference may be due to chance; stated only if it is less than 0-05. 


women aged under 25, low ‘motor scores’ were 
significantly commoner (p <0-05) in the ‘high- 
stress’ group; among women aged 25 or more there 
was a similar difference, not significant. 

Similar findings applied to other variables in 
respect of which the two groups differed. The 
‘high-stress’ women tended to be of a lower educa- 
tional standard, to come from more crowded and 
poorer homes, and to have an inferior diet. When 
each factor was considered in turn, findings 
emerged similar to those relating to maternal 
age. 

In spite of the dietary differences, the nutritional 
indices used revealed no differences in the state of 
nutrition of the two groups, except that women in the 
‘high-stress’ group tended to be Heavier. This was 
probably related in part to their greater age. Using 
the procedures described above, no relationship 
could be shown between mothers’ weights and their 
babies’ ‘motor scores’. The association between 
stress and motor retardation thus appeared to be 
independent of nutritional factors, with the reserva- 
tion that the crude clinical measures used may not 
have been adequate to demonstrate actual nutri- 
tional differences. 

Complaints of ill health in the latter part of preg- 
nancy, but not in early pregnancy, were commoner 
in the ‘high-stress’ group. However, both among 
women with complaints and among those without, 
‘high-stress’ babies had lower ‘motor scores’, 
significantly so in the latter group (p <0-01). It 
was found, however, that in the ‘low-stress’ group, 
the babies of mothers with complaints tended to have 


lower ‘motor scores’ (p <0-05); this finding did not 
apply to the ‘high-stress’ group. These findings 
suggested that while the developmental difference 
between the two groups was not accounted for solely 
by differences in the prevalence of maternal dis- 
orders, the presence of such disorders might have 
had some bearing on the baby’s development. We 
were not able to obtain full medical records for all 
the women, many of whom made scanty use of 
health services. The few definite major complica- 
tions of pregnancy which were recorded occurred 
in both groups. 

Delivery was for the most part short, easy and 
uneventful in both groups. Four obstetric com- 
plications were recorded in the ‘high-stress’ group, 
and two in the ‘low-stress’. group. 

The two groups of babies are compared in Table 2. 
In each group the sexes were almost equally repre- 
sented. The ‘high-stress’ babies tended to be of a 
higher birth-rank; this was related to the greater age 
of their mothers. No evidence could be found, 
however, that rank was independently related to 
motor development. They tended also to be slightly, 
though not significantly, heavier at birth; this was 
probably a reflection of their higher birth ranks, as 
there was a significant relationship between rank 
and birth weight. As has already been stated, no 
relationship could be shown between birth weight 
and motor development, within this weight range. 
The two groups did not differ notably in ‘heir 
subsequent weight growth, in length, or in the pre- 
valence of signs of malnutrition at the 13-:veek 
examination. 
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ANTENATAL STRESS AND THE BABY’S DEVELOPMENT 


( ther Relationships. 


\.OTHER’S ATTITUDE TO CHILD. It is recognized 
thai experiences during pregnancy have important 
impications for the mother-child relationship 
(Caylan, 1959). Two of our findings had a bearing 
on this topic. First, mothers were asked, soon after 
delivery, “Were you pleased you had a son (or 
daughter)?’ Among women giving birth to daugh- 
ters, their responses were significantly related to their 
experience of stress during pregnancy. Of 22 
women exposed to antenatal stress, nine stated that 
they were dissatisfied with their child’s sex; of 20 
women with little or no stress, two (p <0-05). 
There was no such relationship among the mothers 
of sons, who tend to be preferred in this community. 

Secondly, the mothers were asked, four weeks and 
13 weeks after their confinement, ‘Do you some- 
times wish you hadn’t had this baby?’ Of 54 
women exposed to stress in pregnancy, 13 answered 
‘Yes’; of 43 women exposed to little or no stress, 
only one answered ‘Yes’ (p <0-01). 


INFANT FEEDING, DISORDERS AND DEATHS. Ante- 
natal stress bore no apparent relationship to infant 
feeding practices; 95° of the women were still 
breast feeding at 13 weeks. 

There was no relationship to the occurrence of 
illnesses in the first 13 weeks. Two babies had major 
congenital defects, one of whom died. The mothers 
of both had been exposed to stress. 
babies died of pneumonia; the mother of one had 
been exposed to stress. 


Causes and Timing of Stress. Almost half the 
women in the ‘high-stress’ group were exposed to 
more than one category of stressful situation 
(Table 3). The commonest circumstances causing 
stress were the unemployment or partial unemploy- 
of the husband, and distress at being pregnant, 
‘'y in conjunction with straitened economic 
nstances. In no case was maternal illness the 
stress to which the woman was exposed. 
women in the group definitely experienced 
n shocks. 
1ough the women were classified according 
‘r experience of stress in the latter part of their 
incy, it could not be concluded that the 
nships found were specific to late-pregnancy 

92° of the women in the ‘low-stress’ group 
‘lso exposed to little or no stress in the first 
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four ionths of pregnancy, and 87% of the women 
in t! . ‘high-stress’ group were also subjected to 
mod ate or marked stress in early pregnancy. 
In fs *, when the women were classified according 
to tl 


ir stress in early pregnancy, the same signi- 
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TABLE 3 
CIRCUMSTANCES CAUSING STRESS 


is Moderate or Major Stress 


| No. of Categories in Which There 
| 


| } Com- 
1 | 2 | 3 | 4 | bined 
No. of women .. 4 40 
Percentage of women .. -+| So | 30 10 5 100 
Category: 
Husband’s unemployment or | | 
job insecurity ; 8 7 3 2 20 
Distress at being pregnant .. 5 | 9 3 1 18 
Serious illness in 3 i & 6 
Low income .. — 6 
Own illness = 2 ». § 4 
Marital difficulties | — | 1 2 
Anxiety child’s | 
sex . 1 1 — | 2 
Miscellaneous | 3 | 2 1 | 2 9 


Three other 


These findings apply to the women in the ‘high-stress’ group. 


ficant relationships were found with their babies’ 
‘motor scores’ as when they were grouped according 
to their stress in later pregnancy. 


Relation of Motor Development to Baby’s Nutri- 
tional State. Although at their first examination 
the ‘motor scores’ of babies weighing 8 Ib. 0 oz. or 
less at birth bore no relationship to their birth 
weights, at the subsequent examinations of these 
babies there was a significant association of low 
‘motor scores’ with low weights or a low rate of 
weight growth (Table 4). These associations applied 


TABLE 4 


BETWEEN MOTOR DEVELOPMENT 
ND BABY’S NUTRITIONAL STATE 


| | Motor 
| Develop- 
| No. ment p* 
Score 
| <8(%) | 
4-week examination: 
Weight (Ib.): Under 8-5 ee st ae 66 } 0-01 
8-Sormore .. 2i 24 
Mean weight gain per me since 
birth (oz.): Under 3 16 | 75 } 0-05 
3 or more 42 | 40 
Und: 11 24 38 
eight .): Under oe oe 
11 or more om oo] oO 3 } 0-005+ 
Mean weight gain per week = | 
| 37 7 
nder 
6 or more 22 0 } 0-025t 
Skin xerosis: Present .. "| 26 27 | 
Absent .. 34 9 
Glossitis: Present .. | 10 | 30 | 
Absent .. 50 | 14 | 
| 


These findings relate to babies weighing 8 lb. 0 oz. or less at birth. 
* The probability that the difference may be due to chance; stated 
only if it is less than 0-05. 
+ According to Table 8 in Fisher and Yates (1953). 


ot 
ce 
ely 
is- 
ve 
Ne 
all 
of 
‘ed 
32. 
age 
nd, 
to 
tly, 
vas 
as 
ink 
no ae 
ght 
ge. 
neir 
eek 


48 


both to ‘high-stress’ and to ‘low-stress’ babies, 
though significance was not reached in each instance. 
There appeared to be a similar association, not 
significant, between low ‘motor scores’ and the 
presence of skin xerosis or glossitis at the 13-week 
examination. 

These findings were interpreted as indicating 
that if a baby’s growth and nutrition were impaired, 
his rate of motor development was likely to be 
slow, whether as a direct result, or because of the 
action of common or related causes. As the rate 
of postnatal growth is largely affected by extra- 
uterine factors, it appeared that the tempo of motor 
development after birth also was largely dependent 
on such factors, the effect of which had by 13 weeks 
obscured the original association with antenatal 
stress. Knobloch and Pasamanick (1953) have 
shown a similar relationship between behavioural 
development and physical growth. 


Discussion 


The results indicate an association between ante- 
natal stress and motor retardation, among babies 
weighing 8 lb. 0 oz. or less at birth. This asso- 
ciation, which was apparent both soon after birth 
and at four weeks after birth, appeared to be in- 
dependent of other factors associated with emo- 
tional stress in this sample. 

In view of the small size of the sample, however, 
it would be incautious to generalize from the 
findings in this one group, pending their confirma- 
tion elsewhere. 

It may be noteworthy that Knobloch and Pasa- 
manick (1959b) found, in a study of the neuromotor 
development of babies aged 40 weeks, that their 
degree of neuromotor disturbance bore a positive 
relationship to the amount of tension shown by 
their mothers at that time. Although there are 
alternative explanations, it may be that this finding 
is due in part to a tendency for a pregnant woman’s 
stress to persist after the baby has been born. 

Pasamanick and his colleagues have postulated 
that similar antenatal processes may produce a 
wide variety of effects on the foetus, so that there 
is a ‘continuum of reproductive casualty’, extending 
from lethal to various non-lethal effects (Pasa- 
manick and Knobloch, 1958). If confirmation of 
our findings is forthcoming, it may well be that 
slight motor retardation comprises part of such a 
continuum of reproductive casualty, falling into 
place at the extreme non-lethal end of the scale. 
Stott’s studies, cited above, have indicated that 
emotional stress in pregnancy may, in some cases, 
have more damaging effects. It is noteworthy 
that figures derived from a prospective study carried 
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out by McDonald (1958) show that of wo-nen 
undergoing marked anxiety or emotional shi cks 
in the first 12 weeks of pregnancy, 7°2% su se- 
quently had abortions, stillbirths, neonatal de iths 
or infants with major defects. The correspon ting 
figure for women with no such anxiety or shvcks 
was 5:7%. The difference between these fig ire 
was, however, not significant. 

Our findings suggest that the tempo of m»tor 
development after birth is closely affected by e> tra. 
uterine conditions; by 13 weeks, the relationship 
with antenatal stress is no longer apparent: It nay 


be that in less unfortunate communities, were f 


the conditions of extra-uterine life are generally 
more favourable, any retardation resulting from 
adverse intra-uterine conditions may remain obvious 
until a later stage of life. 

It is of little value at this stage to speculate on the 
possible mechanisms by which stress in the expectant 
mother may affect her baby’s development. Not 
only endocrine and nervous influences, but asso- 
ciated nutritional factors also may play a part. 
Further, the limited evidence found of an asso- 
ciation between complaints of ill health during late 
pregnancy and motor retardation, suggests the 
possibility that maternal illness may also play a part. 
Such complaints were significantly commoner in the 
‘high-stress’ group, although no women were 
allocated to this group on the grounds of illness 
alone. This last finding is consistent with that of 
Gordon and Gordon (1957), who found a relation- 
ship between emotional disturbance and _ physical 
complications of pregnancy in a group of United 
States maternity patients. 

It is of interest that, in so far as our evidence goes, 
a woman’s exposure to conditions which, objec 
tively considered, appear likely to produce emo- 
tional stress, bears relatively little relationship to 
her baby’s development. 
relationship with, for example, poverty, crowding 
or a poor diet. 
presence of stress was assessed on the basis of the 
woman’s own report of her difficulties, a significant 
association with her baby’s development was found. 
This finding parallels that of Hinkle and Wolff (1957) 
and their colleagues, whose intensive studies of 


several groups of subjects indicate that the occur: f 


rence of illness bears a closer relationship to the 
subjects’ own perception of their life situations as 
being unpleasant or demanding, than to _ their 
exposure to ‘objectively’ adverse circumstances. 


Summary 


A prospective study of Indian expectant m«thers 
in Durban revealed a relationship between emo- 
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tio: al stress during pregnancy and a low level of 
mo or development in the infant. This association, 
which applied to babies weighing 8 Ib. 0 oz. or less 
at birth, appeared to be independent of other factors 
asseciated with emotional stress. By 3 months of 
age this relationship was no longer apparent, as the 
tempo of motor development after birth appeared 
to be largely dependent on extra-uterine conditions. 

The possible significance of these findings is 
discussed. It is suggested that motor retardation 
may form part of a continuum of reproductive 
casualty, and that in some cases emotional stress 
during pregnancy may have more far-reaching 
effects on the baby. 


We are indebted to our subjects for their patience with 
us despite their misfortunes; to Professor D. Crichton 
for giving us access to hospital records; and to Mr. V. 
Zill, Mr. S. J. Maharaj and others members of the staff 
of the Institute of Family and Community Health. 
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THE PUFF TEST 


AN ATTEMPT TO 


ASSESS THE INTELLIGENCE OF YOUNG CHILDREN BY USE 


OF A CONDITIONED REFLEX 


BY 


JOHN RENDLE-SHORT 
From the Department of Child Health, University of Sheffield 


(RECEIVED FOR PUBLICATION APRIL 19, 1960) 


Krasnogorski (1913), who was working with 
Pavlov in St. Petersburg, described his experiments 
on establishing conditioned reflexes in children. 
His methods were expanded by Mateer (1918) whose 
paper will be described later. No further relevant 
work on the subject was published until Pavlov’s 
famous book on Conditioned Reflexes (Pavlov, 
1927). This work is well known and only a brief 
summary of it will be given here. Pavlov dis- 
tinguished between inborn and conditioned reflexes. 
If food is placed in a dog’s mouth, the dog salivates. 
That is an inborn reflex. If the dog salivates when 
he hears the footsteps of his master coming to feed 
him, that is a conditioned reflex. A conditioned 
reflex must te founded on an inborn reflex or a new 
stimulus can be used for a well-established con- 
ditioned reflex. 

There are three components of a conditioned 
reflex: the unconditioned stimulus, which gives rise 
to the unconditioned reflex, and the conditioned 
stimulus which, after being paired with the uncon- 
ditioned stimulus, elicits the same response. In the 
example given above the unconditioned stimulus 
is the food, the reflex the salivation and the con- 
ditioned stimulus the footsteps. When conditioning 
is established the reflex will appear if the conditioned 
stimulus alone is exhibited. Pavlov stressed that 
successful conditioning could only be expected under 
optimal circumstances. Irrelevant stimuli such as 
fear, noise or the desire to micturate tend to prevent 
the establishment of conditioned reflexes in animals. 
If a conditioned reflex is not periodically reinforced 
by the reintroduction of the unconditioned stimulus 
it gradually becomes extinct. This fading away of 
the reflex is known as deconditioning. Even after 
deconditioning, however, the reflex may spon- 
taneously regenerate with the passage of time. 

Pavlov’s book referred only to experiments on 
animals, but other workers tried similar experiments 
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on children. One of the earliest attempts to utilize 
the concept of the conditioned reflex in diagnosis 
was reported by Aldrich (1928). He conditioned 
pain, in the form of a pin-scratch on the sole of the 
foot, and the sound of a dinner gong, in order to 
demonstrate hearing in a 3-month-old infant. 

It was found that the younger the child, the 
harder he was to condition. Wenger (1943) des- 
cribed some controlled experiments in which he 
tried to condition infants to blink in response to an 
electric shock which had been coupled with a bright 
light shining into their eyes. Later some of the 
infants blinked with the shock alone, but only after 
they had received up to 240 stimulations adminis- 
tered over several days. Even then not all the 
infants could be conditioned. In early infancy 
100-300 paired stimulations may be required to 
establish a conditioned reflex, whereas by the age of 
1 year, two or three stimulations will suffice (Gesell, 
1948). 

While there is undoubtedly a connexion between 
ease of conditioning and age, there has been some 
doubt as to whether ease of conditioning can be 
correlated with intelligence. Gesell and Ilg (1937), 
when studying the feeding behaviour in infants, 
noticed that normal infants became excited when 
they observed their food being prepared. As this 
occurred first at the age of about 16 weeks in normal 
infants, but later in mentally retarded infants, the 
observation has been used to assess intelligence. 
This is an example of a natural conditioned reflex 
which can be used as a developmental test. On the 
other hand Campbell and Hilgard (1936) using the 
conditioned eye-blink in 63 university stud:nts, 
found that there were wide individual differe ces 
in the ease with which a conditioned response c.vuld 
be formed. After performing intelligence test on 
the students, they came to the conclusion that 
intelligence was not significantly related to the 2as¢ 
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Fic. 1.—The puff gun. 


of conditioning. This work, however, is not 
strictly relevant as it concerns adults and the differ- 
ences in intelligence found were not very great. 
Birch and Demb (1959) performed some experi- 
ments on 26 mentally retarded children. The 
conditioned reflex they used was a mild electric 
shock and a light. Changes in the skin reaction 
were recorded by a _ psychogalvanometer. The 
children were all over 6 years of age, most of them 
being between 10 and 16 years old. The intelligence 
quotients ranged from 30-85 with an average of 50. 


No correlation was found between the ease of con- . 


ditioning and the intelligence quotient. Kodman, 
Fein and Mixson (1959) have also experimented 
with the psychogalvanometer in mentally defective 
children. They concluded that further inquiry is 
required ‘into the relationship between ease of con- 
ditioning and the learning process in severely 
retarded children’. 

It has been shown that audiometry by means 
of the ‘peep-show technique’ (Dix and Hallpike, 
1947:, and by psychogalvanometry (Bordley and 
Harcy, 1949), both of which utilize the principle of 
the «onditioned reflex, are of little value in testing 
meni..lly retarded children, as they cannot easily be 
conc ioned (Statten and Wishart, 1956). 

T! . present viewpoint can be summarized in the 


wore of Hilliard and Kirman (1957) who wrote, 
‘It c: . be said of mongols as of other imbeciles and 
idiot that inborn or unconditioned reflexes are 


pres: t though possibly weaker than normal. On 


the « her hand conditioned reflexes which form the 
basi of adaptive behaviour are established much 
mor: 3lowly and less surely’. 


T! s there is good evidence that conditioned 
tefle s can be established in young children, and 
that 1 ease with which this can be done bears some 


relationship to age. The evidence as to whether 
there is any relationship to intelligence, however, 
is conflicting. 
The Present Experiment 

The experiments described in this paper were 
designed to find out: (1) the relationship between 
the development of a conditioned reflex and age in 
children with normal intelligence, (2) the relation- 
ship between a conditioned reflex and both age and 
intelligence in mentally retarded children, and 
(3) whether the time taken to establish a conditioned 
reflex could be used as a measure of intelligence. 

According to Pavlov (1927) the easiest conditioned 
reflexes to establish are those associated with the 
alimentary tract and those concerned with the 
prevention of injury. In babies, apart from the 
excitation with feed reflex mentioned above, no 
alimentary reflex could easily be utilized in a clinical 
test. I tried several methods of establishing a con- 
ditioned reflex, such as banging a gong, and stimu- 
lating the sole of the foot with a jet of cold water 
to obtain a withdrawal reflex, or the administration 
of a slight electric shock just before shining a light 
into the eyes to obtain a pupillary reaction. These 
all failed and eventually the following test was devised. 

The unconditioned or inborn reflex used was the 
eye blink when air was puffed into the face. The 
conditioned stimulus was the presentation of the 
‘gun’ without any air being puffed, and the con- 
ditioned reflex was the eye blink before the air was 
puffed. 

The details which follow describe an attempt to 
standardize the procedure so that comparison 
could be made between one child and another. 


Detailed Description of the Test. The apparatus used 
(Fig. 1) consisted of a glass tube 18 cm. in length tapered 
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at one end to form a nozzle (bore approximately 1 mm.) 
and bent 11 cm. from the end to an angle of about 110 
degrees. A side hole of about 1-5 cm. diameter was 
made on the obtuse side of the bend. The glass tube 
was attached by rubber tubing to a cylinder of com- 
pressed air or oxygen which was fitted with a flow meter. 
When the gas was turned on it normally flowed out of the 
large side-hole in the glass tube (called the ‘gun’). The 
‘gun’ was ‘fired’ by occluding the hole with the thumb. 
Gas was then ejected through the nozzle. 

The tests were performed as follows: The child sat on 
the mother’s or nurse’s knee facing the tester; the tester 
sat on another chair just in front of the child holding the 
‘gun’ in one hand and a watch in the other. He was 
in easy reach of the gas cylinder so that he could regulate 
the rate of flow. The ‘gun’ was presented to the child 
at 15-second intervals. That is to say the tester lifted 
it up and held it about 20 cm. in front of the child’s 
face, on a level with his eyes. This presentation was 
performed gently and evenly so as not to startle the 
child. 

The first three times the ‘gun’ was presented, although 
the gas was turned on it was not ‘fired’, i.e. no puff of 
gas was blown into the child’s eye. During these 
preliminary presentations careful watch was kept on the 
child’s reactions to see whether he blinked or grimaced 
spontaneously. At the fourth presentation the ‘gun’ 
was aimed at the child’s eye as before, and after a moment 
it was ‘fired’. The child’s reaction was observed. It 
was usually of the same pattern on each subsequent 
occasion. Care was taken to distinguish between the 
eye blink due to the puff of air, and a spontaneous blink. 
With practice this was not difficult, as the eye blink due 
to the puff was usually associated with some screwing 
up of the eyes involving both the lower and upper lid. 
This had quite a different appearance from a spontaneous 
blink. 

If the effect produced by the puff was insufficient, the 
gas flow was increased; if it was too violent the flow was 
decreased. The flow required had to be determined by 
trial and error in each individual case. An initial flow 
of 4 1./min. was found to be suitable, but sometimes the 
rate had to be increased progressively as the test con- 
tinued. 

Subsequent puffs were each made in the same way as 
the first. Great care was taken to allow a moment to 
elapse after the child had been presented with the ‘gun’ 
and had obviously noticed it, but before the ‘gun’ was 
fired. It was during this moment that it was possible 
to observe whether or not the child had been conditioned 
by the previous puff or puffs. 

On the presentation at which it was thought that the 
child was conditioned, a puff was given in the same way 
as previously to reinforce the conditioning. At the next 
presentation no puff was given. If the child was really 
conditioned, he again blinked without a puff being given. 
If, however, a mistake had been made, a further puff was 
given after a few seconds delay and conditioning pro- 
ceeded with. The number of puffs required before a 
child was conditioned was counted as his score. It was 
found that the proportion of children conditioning after 


20 puffs was too few to make it worthwhile contir sing 
the test for longer than this. 

After the child was conditioned, deconditioning was 
performed by continuing to present the ‘gun’ at 15-se ond 
intervals as before, but without ‘firing’ it. The :on. 
ditioned reflex often faded slowly, but the end ; oint 
could be assessed with reasonable accuracy. Five 
presentations of the ‘gun’ were found to be all that was 
required for deconditioning. After this the results were 
unhelpful. If the end point of the test was not clea -cut 
the test was repeated after 20 minutes. 


Results 


In order to discover how normal children reacted 
to the test, it was performed on 168 children of 
apparently normal mentality between the ages of 
5 months and 7 years. In 13 children the test had 
to be abandoned because of lack of co-operation or 
some other reason, leaving 155 children who are 
the subject of this part of the investigation. I per- 
formed a rough conventional developmental test 
first on each child to make sure that his intelligence 
corresponded with his chronological age. It is 
realized that the assessment of mental ability at this 
age is, at best, an inaccurate procedure, and some of 
the discrepancies in the results may be due to the fact 
that the child’s intelligence was over or under- 
estimated. Ideally the results of the puff test 
should be correlated with a formal intelligence test 
performed when the child is old enough. This 
investigation is proceeding. 

The scattergram (Fig. 2) and Table 1 compiled 
from it give the results of the tests done on the 155 
apparently normal children. Of the 12 children of 
6 months and under, 11 could not be conditioned. 
This is the typical infantile response. Between 
the ages of 63 and 12 months there were 49 children. 
Of these, 33 conditioned in less than 13 puffs, 
whereas 15 still gave the infantile type of reaction. 
One child conditioned in 16 puffs. Of the 32 
children between 124 and 18 months, all conditioned 
in 10 or less puffs, except for one child who required 
19. Over the age of 18 months but under the age 


TABLE 1 
CORRELATION BETWEEN AGE AND EASE OF CON- 
DITIONING IN 155 CHILDREN OF 
NORMAL INTELLIGENCE 


Apparently Better or Worse 
Normal than Total 
Age Range Normal Range | No. of 
Children 
| No. of | No. of | No. of | No. of | 
| Puffs (Children| Puffs (Children) 
<6 mths 20+ | It 12 ti £& 
63-12 mths 3-12 33 16-20+ 6 | @& 
123-18 mths 2-10 31 19 1 32 
18} mths—4 yrs 2-6 45 7-13 2 47 
>4 yrs 2 13 4-5 2 15 
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Fic. 2.—The puff test. 


of 4 years, 45 children conditioned in between two 
and six puffs, but two required more. Of the 15 
children over the age of 4 years, all but two con- 
ditioned in two puffs, which is the normal adult type 
of reaction. 

In this experiment no child under the age of 14 
months showed the typical adult type of reaction, 
and no child over 11 months showed the typical 
infantile type of reaction. From the point of view 
of the practical conduct of the test it will be seen 
that cnly two out of the 129 children who were 
succes fully conditioned did so after 13 puffs. 
ar I have successfully tested only 74 mentally 
t ve children. Fig. 3 is a scattergram com- 

ease of conditioning in mentally defective 


childr. » with their chronological age. Fig. 4 shows 
case conditioning compared with approximate 
ment: age. The former figure demonstrates the 
diffict y in conditioning these children, while the 
latter ssembles the scattergram for normal children 
(Fig. 
Discussion 

Th >uff test gave helpful results mainly between 

the a s of 6 months and 4 years. It so happens 


Ease of conditioning compared with chronological age in 155 mentally normal children. 


that this is an age group in which it is often difficult 
to assess intelligence. 

The test only required a minimum of co-operation 
from the child and could be performed if the child 
looked at the ‘gun’ and did not cry or cover his 
eyes. No motor skill or educational knowledge 
was required, and the test could therefore be used 
in children with severe spasticity or deafness. Some 
athetoid children could not be tested owing to the 
difficulty in determining the end point. Another 
advantage of the test was that it was quick to per- 
form; it never took longer than seven minutes and 
usually only two or three minutes. 

I found no simple relationship between ease of 
deconditioning and age or intelligence. It did, 
however, give some indication of the fixity of the 
conditioning and for this reason it was of some value 
particularly in children who conditioned in two or 
three puffs. 


Disadvantages and Difficulties. The test can only 


be performed on a child who can see and focus 
on the ‘gun’ and who has a normal corneal 
sensitivity. Most children laughed or smiled during 
the test, but a few cried or covered their eyes. 
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Fic. 3.—The puff test. Ease of conditioning compared with chronological age in 74 mentally defective children. 
FiG. 4.—The puff test. Ease of conditioning compared with approximate mental age in 74 mentally defective children. 
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So.1etimes the end point was not clear-cut and the 
tes: had to be abandoned. 

| found two abnormal reactions. The first was 
the ‘stoic’ reaction. After the first or second puff 
the child looked into the distance and appeared 
voluntarily to refuse to blink, even when the air flow 
was increased to 10 or more litres per minute. 
This reaction occurred four times in 155 normal, 
and once in 74 mentally retarded children over the 
age of 18 months. 

The other special reaction I have termed the 
‘wait-for-it’ reaction. This is very akin to what 
Pavlov called the ‘what-is-it’ or investigatory reflex 
(Pavlov, 1927, p. 12). The child obviously knew 
that he was about to have his face puffed, but took 
no avoiding action of any sort and seemed pleased 
when the puff came. Sometimes he opened his 
mouth as though expecting a spoon. On two occa- 
sions he blew back before the ‘gun’ was fired. The 
‘wait-for-it’ reaction occurred five times in the 
normal children, but only in those under the age of 
12 months. The ‘wait-for-it? reaction occurred 
twice in mentally retarded children. One was a 
4-year-old mongol with a mental age of from 12 to 
18 months. She grizzled all the time the test was 
being performed until the twelfth puff. From then 
onward she stopped grizzling when the ‘gun’ was 
presented, laughed at the puff and then started 
grizzling again while waiting for the next puff. 


From the fifteenth puff onward she blew back at the. 


puffer. She never blinked or screwed up her eyes. 
The other child was 5 years old, with a mental age 
of about 3 years. She showed a good conditioned 
eye blink at five, but from then on asked repeatedly 
when I was going to puff her face again. Two 
10-year-old boys with low intelligence both opened 
their mouths as soon as the gun was presented. 
In cach case the ‘wait-for-it’ reaction occurred in 
retarded children over the age of 4 years, whereas 
it only occurred in-normal children under the age 
of | year. If the ‘wait-for-it’ reaction was well 
mar-ed I took it as the conditioning end point, 
alth ugh it was not the expected conditioned reflex. 

It 's interesting to compare these results with those 
of ' ateer (1918). She used Krasnogorski’s (1913) 
met. od of allowing blindfolded children to hear 
a 1 ctronome and then giving them chocolate. 
By mechanical method she recorded the movement 
of t cir throats as they swallowed saliva. She first 
trie the experiment on 50 unselected children, and 
esti’ ated their intelligence afterwards. Her results 
are ven in Table 2 and in graphic form in Fig. 5. 
She und a linear relationship between age and ease 
of nditioning for the ages of 1 to 5 years. Over 
tha age the relationship broke down, perhaps 


TABLE 2 


EASE OF CONDITIONING COMPARED WITH CHRONO- 
LOGICAL AGE IN 50 UNSELECTED CHILDREN* 


No. of |. Age No. of Trialst | Range 
Cases | (yrs) (Average) 
$s 1-2 8- 1-9 
7 2-3 | 6:7 | 6-8 
6 3-4 | 5-3 3-8 
12 4-5 3-8 | 3-5 
8 5-6 4-1 3-5 
9 6-7 5-0 3-7 
3 7-8 4:3 | 4-5 


* (After Mateer, 1918.) 


+ Three was the best result possible by Mateer’s method and 
corresponds to the adult type of reaction. 


because the older child, with his greater experience 
saw ‘possibilities of variations in the procedure to 
which the younger child is oblivious’. 

The graph culled from Mateer’s figures (Fig. 5) 
and the scattergram of the present experiment 
(Fig. 2) both show that there is a relationship 
between ease of conditioning and age. Mateer 
repeated the experiment on 12 mentally defective 
children. Her final conclusions were that ease of 
conditioning is ‘not directly proportional to mental 
ability but is also relative to chronological age’; 
but she felt that she had devised a ‘fundamental 
test of the mental process’. 

A very similar experiment to the one which I 
performed has also been described by Morgan and 
Morgan (1944). They puffed air into the eyes of 
babies and obtained a wink. At the next presenta- 
tion five seconds later, they watched to see whether 
the baby would wink in anticipation of the puff or 
not. In either event a further puff was given. If 
the child did not learn the lesson assigned in the 
experiment by 100 presentations he was considered 
to have failed. Forty-two infants were treated; 
all children over the age of 65 days passed the test 
with one exception; all children under the age of 
54 days failed the test; some passed and some failed 
between 54 and 65 days. The child over the age of 
65 days who failed was 4 months old. At the age of 
5 months a Cattel test was performed, and her I.Q. 
was recorded as being 76. The authors state that 
to perform the test successfully a child must be 
old enough, and must be able to see. They also 
thought that if an infant over 65 days old failed to 
pass the test it might be due to inferior intelligence, 
but that they had insufficient evidence to verify 
or repudiate this hypothesis. 


Conclusion 


We can now consider the three questions which 
these experiments are designed to answer. 
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No.OF TRIALS [average] 
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AGE [yrs.] 


Fic. 5.—Ease of conditioning compared with chronological age in 50 unselected children. 
1918); three was the best possible result by Mateer’s method. 


Mateer’s experiments and mine, although using 
different techniques, both showed an almost linear 
relationship between ease of conditioning and age 
in mentally normal children up to about 5 years of 
age. Above this age the power of reasoning obscured 
the straightforward conditioned reflex response. 
The ‘adult type’ of reaction described above only 
occurred with adults who had not been told pre- 
viously what to expect. I performed a small series 
of experiments on sophisticated medical students 
who had heard about the test, although they had 
not seen it in action. The results obtained were 
quite bizarre. 

The experiments showed a relationship between 
ease of conditioning and mental age in mentally 
retarded children, although there was a much wider 
scatter in the results with mentally retarded than 
with normal children. This was probably due in part 
to the difficulty in measuring mental age with 
accuracy. 

There is a formidable battery of developmental 
tests which can be used to measure the mental age 
of young children. Unfortunately most of these 
tests require either manipulative skill, such as walk- 
ing or building a tower of bricks, or knowledge, 
which has to be learnt from others, such as the recog- 
nition of a picture or obedience to a command. 


Graphic representation of Table 2 (from Mateer 


The puff test has the advantage that neither of these 
skills are required. It is therefore of particular 
value in testing the mental ability of children with 
some physical handicap such as spasticity or deaf- 
ness. The following case reports illustrate this. 


Case 1. This child, 2 years and 5 months old, had a 
mild right hemiplegia and was thought to be mentally 
defective. In the puff test she conditioned easily in two 
puffs, which is the adult-type of reaction and this made 
it improbable that she was grossly mentally defective; 
in fact, she was found to be completely deaf. Normal 
developmental testing had been virtually impossible 
owing to the dual disability. 


Case 2. This boy of 8 months had mild kernikterus 
in the neonatal period due to Rhesus incompatibility. 
He was seen to smile at 4 weeks and at 6 weeks his motor 
development was described as ‘better than average’. By 
5 months, however, his motor development was very 
poor and he was regarded as being mentally retarded. 
There were no athetoid movements at that time. At 
8 months he could not sit, had the head control of a 
4-month-old baby, and did not vocalize. A puff ‘est, 
however, gave a ‘wait-for-it’ reaction from 10 puffs 
onward. With each puff the boy gave a deep breaii as 
many babies do, and from 13 puffs onward, ga’e 4 
conditioned deep breath before each puff. (He i: the 
only child in whom I have observed this.) 
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If {3 is taken as the end point, it is most unlikely that 
this baby is severely mentally retarded. This is con- 
firm. d by his early developmental history, and the fact 
that he has since been shown to be deaf and to be 
deve.oping athetosis with hypotonia. 


By using a tactile or auditory unconditioned 
stimulus the puff test could be modified for use in 
blind children. 

The test must obviously be used in conjunction 
with other well-recognized tests of intelligence. In 
some cases the end point is too indefinite to be of 
any value. This is particularly so if the test is 
performed in distracting surroundings. The infor- 
mation it gives is limited, but the test is easy to 
perform, takes a short time, can be repeated if 
necessary, and occasionally gives information un- 
obtainable in any other way. It is obvious that 
a great deal of further study is required, but it does 
seem that the test may prove to be of value either 
in itself, or as a basis for other tests. 


Summary 


A conditioned reflex has been established in a 
number of children under standard conditions. The 
reflex used was the eye blink when air was puffed 
into the child’s eye. 

The test was performed on 155 mentally normal 
children with the following results: 
6 months old and under could not be conditioned; 
over the age of 6 months conditioning became 
progressively easier until the typical adult response 
of immediate conditioning was reached at about 
4 years of age. 

Provisional results in 74 mentally defective 
children are also reported. As a group they were 
more difficult to condition than ordinary children 
of the same chronologial age. When speed of 
conditioning in the mentally defective children was 
correiated with their mental age, the ease of con- 
ditio: ing approximated to that of normal children, 
althe igh there was a wider scatter. 

It 3 suggested that the puff test can be used as a 
simp > intelligence test. It has the following 
adva tages: It is quick to perform, needs little 
appa itus, and only requires a minimum of co-opera- 
tion -om the child, and in addition requires no 
motc skill nor educational knowledge on the part 
of th child. 


Children of 


Two unusual reactions were noticed. In the 
‘stoic’ reaction the child voluntarily refused to blink. 
This reaction occurred in children over the age of 
18 months. In the ‘wait-for-it? reaction which 
occurred in normal children under 12 months old, 
the child gave evidence that he knew that he was 
about to be puffed, but took no avoiding action. 
If well marked, this was taken as the end point of 
conditioning. 

The puff test has been found to be of value in 
assessing the intelligence of young children with 
physical handicaps such as spasticity or deafness. 
Like any other intelligence test, it cannot be used 
alone, but in conjunction with other tests it should 
prove valuable. 


Thanks are due to Dr. M. W. Partington who helped 
greatly in the initial stages of this investigation and to 
Dr. K. A. Rahimtulla for help in the later stages. I am 
indebted to Dr. T. Colver, Dr. Llewellyn Roberts, 
Dr. A. K. Black and Mr. J. W. Freeman who kindly 
allowed me to investigate children under their care in 
hospital, at infant welfare clinics and residential nur- 
series, and Miss de Newman who gave invaluable assis- 
tance at the Manor Clinic, Sheffield; to Mr. W. B. Birch 
of the Institute of Education, University of Sheffield, for 
helpful criticisms, and to Professor R. S. Illingworth for 
suggesting this investigation. 
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A SURVEY OF A GROUP OF CHILDREN WITH MENTAL 
AND PHYSICAL HANDICAPS TREATED IN AN 
ORTHOPAEDIC HOSPITAL 


BY 


E. P. QUIBELL, ELSPETH STEPHEN and ELIZABETH WHATLEY 
From Chailey Heritage (Craft School and Hospital), Chailey, Sussex 


(RECEIVED FOR PUBLICATION JUNE 8, 1960) 


In the recent correspondence in the Lancet (Capon, 
Kirman and Todd, 1959; Quibell, Stephen and 
Whatley, 1959) and in the non-medical press, great 
interest has been shown in the treatment of children 
with mental and physical handicaps. These children 
represent a hardcore problem, on the borderland 
between several branches of medicine. It is unfor- 
tunate, in our opinion, that in England and Wales 
the severely mentally handicapped children are not 
the concern of the education authorities, as is the 
case in Scotland where they have responsibility 
for the occupation centres (Younghusband Report 
on Social Workers, 1959). In the mental deficiency 
institutions there are some mentally handicapped 
children with associated physical handicaps; in the 
children’s hospitals there are physically handicapped 
children with associated mental handicaps. Two of 
the main groups are children suffering from cerebral 
palsy and children with spina bifida, associated with 
myelomeningocele and hydrocephalus. At present, it 
seems that the placement of these children depends, 
not on the degree or nature of the physical disability, 
but on the degree of mental retardation. It may be 
that the physical handicaps in this borderland group 
of children tend to be the same, whether they are 
treated in mental deficiency institutions or in 
children’s hospitals. 

We were unable to find conclusive figures of the 
incidence of spina bifida children with associated 
mental defect; however, there are figures which 
suggest that there are quite a number. Hilliard 
and Kirman (1957) state that of 54 in-patients at 
the Fountain Hospital with hydrocephalus, 11 had 
spina bifida. Nash (1957) in his Hunterian Lecture, 
estimated that there had been an increase of about 
500 children a year surviving with congenital spinal 
palsy since 1954, which in the 10-year period 
reviewed represents a total of some 5,000 severely 
paraplegic children. Nash gave no indication of the 
range of intelligence of these children, but it seems 
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legitimate to assume that the number of educa- 
tionally sub-normal or ineducable children with 
spina bifida is increasing. 

The incidence of cerebral palsy among children 
of school age is one to two per 1,000, and we know 
that approximately 40% of children with cerebral 
palsy have I.Q.s below 70. Hilliard and Kirman 
(1957) gave the number of cerebral palsied children 
at the Fountain Hospital in 1955 as 228 out of a 
total of 777. 


Present Inquiry 


In the recent correspondence in the Lancet, at 
least two writers were successfully treating children 
with mental and physical handicaps in a general 
Children’s Hospital. No one in this country 
appears to have reported the results achieved. 
Wallin (1949) quoted two American studies of the 
treatment of mental defectives with cerebral palsy, 
from which it appeared that some mental defectives 
showed marked improvement in daily living 
functions after treatment. 

An attempt has been made in this paper to 
evaluate the response to treatment of 40 physically 
and mentally handicapped children at Chailey 
Heritage. 

Forty educationally sub-normal and ? ineducable 
children, none of whom had been at Chailey for less 
than one year were included in the sample; 33 were 
fairly certainly educationally sub-normal, seven 
were doubtfully educable. Their ages ranged from 
2 to 16 years. 

There was one case of poliomyelitis, one case of 
toxoplasmosis, one case of phenylketonuria with 
poliomyelitis, 30 cases of cerebral palsy and seven 
cases of spina bifida. (This is an over-simplifi« ation 
of diagnoses, but it does show that the | rgest 
groups were the cases of cerebral palsy aid of 
spina bifida.) 

There were the following associated or addi ional 
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SURVEY OF CHILDREN WITH MENTAL AND PHYSICAL HANDICAPS 


ha dicaps: 36 out of 40 had one or more associated 
ha dicaps: 14 had one, 13 had two, eight had three. 
Th: range of handicaps was as follows: vision, 
he: ring, speech, epilepsy, and urological conditions 
(Tables 1 and 2). Fourteen of this group were 
rated as having an associated somatic hazard: 
this is a particular physical hazard to which a child 
is subject because of the main handicap. For 
example, a spina bifida case is liable to develop 
pathological fractures or trophic ulcers which may 
require hospital treatment, sometimes for a long 
period. 

No control groups were used, but as the purpose 
was to show the progress made by these children in 
an orthopaedic children’s hospital, this is not a 
major objection. It is possible that more intelligent 
children might make more and/or quicker progress, 
and that some of these children will make more 
progress as methods of treatment change. 

The children were assessed in four ways: 

(1) An attempt was made to rate the im- 
provement in daily living functions in each 
child over a period of time. As this was a 
retrograde study, it turned out to be impossible 
to rate the children over corresponding periods 
of time, and we have times for progress made 
in ambulation only. 

(2) An assessment of the present emotional 
adjustment of a sub-sample was made by one 
of us (E.W.). 

(3) Present educational attainments were 
supplied by the headmaster. 

(4) Data on home conditions were given 
by the almoner. 


Daily Living Function 

The concept of assessing the progress of children 
in terms of daily living function derives from earlier 
work at Chailey (Quibell, 1956). This work is an 
adaytation of the Bellevue scale used in the rehabili- 
tation of adults, and covers all activities essential 
for Jaily living. This scale was too detailed for the 
pur»ose of a group study, although it is invaluable 
for he assessment of the individual child; however, 
the scale used here is based on this work. The 
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TABLE | 
NUMBER OF ASSOCIATED HANDICAPS IN 
GROUPS I-IV 
Handicaps 
Group No 
None One | Two | Three 
I 1 3 
II 10 2 4 4 
It | 13 3 6 | 3 1 
IV | 6 0 1 | 4 | 1 


areas to be assessed were divided into: (1) Speech; 
(2) ambulation; (3) washing and dressing; (4) feed- 
ing; (5) toilet management; (6) fine hand activities. 

Two assessments were made of each child; the 
first was obtained from staff who remembered the 
child and/or the case notes; the second was made 
with the help of the staff who are now treating the 
child. The assessments of the younger children 
were made with the help of an ad hoc developmental 
scale in order to allow for age. 

The method of scoring was a three-point scale, 
0-1-2 in each area, with a minus sign if a child 
was admitted with no difficulty in the particular 
area; e.g. if a child came in able to walk he got a — 
in the ambulatory column. 0 indicated total 
dependence; 1, partial independence; 2, indepen- 
dence. The improvement score was arrived at by 
subtracting the initial score from the final score. 
These classes are too broad; more classes, more 
clearly defined are needed. However, points of 
improvement do represent worthwhile gains in an 
essential function; worthwhile for the child in terms 
of independence and morale, and ultimately worth- 
while from the economic point of view because 
such patients then require less nursing care. 

The total of 40 children were divided into four 
groups according to degree of functional in- 
dependence. 

Group I: Children now functionally independent 
for daily living. 

Group II: Children sufficiently independent for 
placement on the ambulant side but not entirely 
independent. 

Group IIT: Children requiring ward placement, but 
showing improvement. 


TABLE 2 
INCIDENCE OF HANDICAPS 


Handicaps 


Vision 


Hearing | 


Speech | Epilepsy | Genito-urinary | 
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TABLE 3 
1.Q. RANGE 
1.Q. Range 
Group No 
61-70 51-60 41-50 Untestable 
I 11 6 
Il 10 7 3 
Ill 13 6 2 3 2 
IV 0 3 


Group IV: Children requiring ward placement but 
considered to be making no worthwhile progress. 


Group I. This group consisted of 11 children 
between the ages of 8 and 15, functionally indepen- 
dent for daily living. They were all on the ambulant 
side and all were in the educationally sub-normal 
intelligence range (Table 3). Of these 11 children, 
four had, on the functional scale, maintained their 
status since admission. This is an indication of the 
limitations of this scale, i.e. the ceiling is too low; 
these four children are having treatment to improve 
their speed and co-ordination in functions in which 
they were independent on admission. The other 
seven children have all achieved worthwhile im- 
provement in daily living functions, and, four were 
promoted from the ward side because of such 
improvement. 

Four children in this group were unable to walk 
on admission and are now fully ambulant. This 
means that they can walk 100 yards, go up and down 
gradients, turn, and climb steps or stairs with or 
without appliances. In fact nine children in this 
group have no orthopaedic appliances now. 

One further comment on this group; we made a 
general prediction on the future placement of the 
entire group of 40, and only one child in this group 
was judged likely to make open employment. This 
may be gross underestimation, but even if it is, it 
does suggest that for many of these children the 
final goal at present is a basic level in educational 
skills and as much functional independence as 
possible. There still remains consideration of the 
next step when they leave school, e.g. placement 
in centres for young adult spastics. 


Group II. This group consisted of 10 children 
between the ages of 9 and 16 sufficiently independent 
for placement on the ambulant side but not entirely 
independent. These children were all within the 
educationally sub-normal intelligence range. 

All the children in this group have shown some 
improvement in daily living functions on our 
criteria, and six were promoted from the ward 
because of improvement. 


Five children were unable to walk on admiss on 
and are now fully ambulant. 

On the educational side, no child in this grou ; is 
totally unable to read. 


Group III. This group consisted of 13 child-en 
between the ages of 2 and 14 requiring ward pli ce- 
ment, but showing improvement. 

Eleven were treated and only one was able to 
walk on admission. Of the 11 treated, four are 
now walking slowly and are making progress, six 
can walk a few steps with crutches or walkers, but 
their future progress is considered doubtful; how- 
ever, to be able to walk a few steps may make the 
difference between being totally dependent or in- 
dependent for toilet, one of the most frequent and 
continuing functions of daily life. 

Those under 7 years of age in this group made 
it of special interest because they included the -- ? 
ineducable children; as Chailey is a school as well as 
a hospital, the older children are almost by definition 
not ineducable. It is a small sample, but possibly 
one can argue that extreme cases can be used as 
illustrations with some validity. Of these seven 
children, two were awaiting transfer as ineducable, 
and two or three others may prove to be ineducable. 
Five were in the nursery class, and two were on the 
babies’ ward. The teacher’s comments on the five 
in the nursery ciass were that five improved in 
speech, four in contacts with other children, and 
four made some use of nursery apparatus; they 
fitted into the nursery group reasonably well with 
younger normal children of their own mental age 
level. The Sister on the babies’ ward said that the 
two children in her ward seemed reasonably happy. 

On the daily living functions improvement chart 
the assessments were made with the help of the 
ad hoc developmental scale: in speech, five out of 
seven showed some improvement. 

All were unable to walk on admission; two are 
now walking alone and are making progress to full 
ambulation; three are now able to walk a few steps 
with crutches or walkers; and two are still unable 
to walk. The stages of ambulation were supplied 
by the physiotherapists. 

Four have made some progress in washing and 
dressing. 

Three were feeding themselves and one 3-year-old 
phenylketonuric with poliomyelitis affecting the 
legs was beginning to feed himself. 

Three had progressed in toilet training to b-ing 
clean and dry, i.e. they indicated their toilet n-eds 
although they were not, of course, independent. 

With regard to fine hand activities, two appe: red 
normal for their mental age; two had made s me 
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prc gress; and two, whose hands were affected, 
bec :use they are quadriplegics, showed no change. 

(+n their social background, three were illegitimate, 
anc two of these who were separated before the 
age of 3 years remained at Chailey during the 
hol:days, and had no reguiar visitors; both seemed 
fairly well adjusted, though it was difficult to assess 
this, and they were making progress. 

These ? ineducable children are the hardcore, and 
if one can show improvement in these children it 
seems reasonable to suppose that one can generalize 
from this to some extent. Our results show that they 
can improve. They seem to be reasonably ad- 
justed and making some progress in the nursery 
class, so the possibility is that young mentally and 
physically handicapped children can be treated in 
nursery classes with physically handicapped but 
younger children of their own mental age level. 
In babies’ wards the mental age seems less relevant. 
We expect that older imbecile children, i.e. from 


7 or 8 years, would require a special sub-unit within 
the hospital (Quibell et al., 1959). 


Group IV. This group consisted of six children 
between the ages of 6 and 15 who were considered 
to be making no worthwhile progress. 

Of these six children, three were within the 
educationally sub-normal range, three were un- 
testable, and of these, two were almost certainly 
grossly defective. In the three educationally sub- 
normal children the total physical handicap seemed 
so gross that physical progress was almost impos- 
sible. The two gross defectives were also grossly 
physically handicapped. 

This group is too small to justify conclusions, 
but it is interesting that half of them are, as far as 
one can tell, educationally sub-normal (i.e. not 
ineducable on intelligence tests). 

Details for the four groups are set out in Tables 
4to 9. 


TABLE 4 
NUMBER OF TREATMENTS IN EACH GROUP 


No. of Treatments 


Group No | 
| | Seven | Six Five Four | Three Two | One | Nil 
I | 11 | 1 | 5 5 | 
II 10 — 2 1 3 2 2 —_ | 
13 5 2 1 6 | one 1 
IV 6 1 | 2 2 1 
| 
TABLE 5 
NUMBER AND NATURE OF TREATMENTS GIVEN IN EACH GROUP 
| | Treatment 
roup | oO. | | 
| Physiotherapy | Occupational Speech Drugs Surgery | Plaster Remedial 
+ R.G. | Therapy Therapy Teaching 
I 10 6 4 4 1 | 4 
T | 10 | 9 8 4 6 6 4 2 
i | | 13 | 12 6 3 4 5 6 2 
iV | 6 | 6 | 5 6 5 1 2 3 
TABLE 6 
NUMBERS AND TYPES OF APPLIANCES USED IN EACH GROUP 
Appliances 
roup No. 
| Orthopaedic Protective Cup | Sensory* Total 
and Urinal Bags 
I 11 2 0 | 5 7 
Il 10 9 4 3 16 
I 13 20 2 4 26 
IV 6 7 0 2 9 
*D. --aids, glasses. 
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TABLE 7 
DEGREES OF IMPROVEMENT REGISTERED IN EACH GROUP 


Degrees of Improvement 


| 
Group | No. | — 
| ‘Treated | 7 | 6 | | 2 i | Maintained | Promoted rom 
| | | | | Ward to S hool 
| (No.) | (No.) (No.) (No.) (No.) (No.) | (No.) | (No.) (No.) (No.) 
I | 7 3 1 1 4 4 
Il | 10 1 1};— | 4 3 1 0 0 = 6 
Ill 13 —- | — | 2 | 5 3 2 1 — 0 
IV 6 | | 1 | 5 0 
TABLE 8 
SHOWING CHANGE AFTER SPEECH THERAPY TREATMENT 
Improvement 
Group No. — 
Treated | Much Improved | Improved | No Change | Deteriorated 
I 4 2 | 1 | | 
ll + 1 3 
Il 3 1 2 
IV 6 = | = 6 _ 


Assessment of the Emotional Adjustment of a 
Seventeen boys were assessed by one 
of us on present adjustment, using the Maudsley 


Sub-sample. 


TABLE 9 
PHYSIOTHERAPY AND MOBILIZATION 


Group Ambulatory Stage Nos. 
Unable to walk on admission, now fully ambulant|} 4 
Time to attain ambulation: One year 2 
Three years 1 
I Five years .. 1 
Co-ordination, number treated 6 
Able to walk on admission 7 
Unable to walk on admission, now fully ambulant | § 
Il Time to attain ambulation: Two years .. 1 
Four years .. 1 
Five years .. 1 
Six years 2 
Unable to walk on admission 11 
Of these 
a. Now walking slowly, should make ee 4 
After five months’ treatment 1 
After one year’s treatment .. 2 
After five years’ treatment 1 
Ill b. Now walking a few steps with crutches or 
walker. Further progress doubtful 6 
After six months’ treatment 1 
After two years’ treatment .. z 
After three years’ treatment Z 
After four years’ treatment 1 
c. Still unable to walk two treat- 
ment 
Unable to walk on admission 6 
IV 
Still unable to walk 6 


descriptive code (Cameron, 1955) as an adjunct, 
particularly where the children had not been seen 
recently. The sub-sample consisted of 13 ambulant 
boys who were educationally sub-normal and 
between the ages of 8 and 16, and four more severely 
handicapped educationally sub-normal boys from the 
wards over the age of 12. These boys were rated on 
a three-point scale as: adjusted, mildly maladjusted 
and severely maladjusted. 

Three were found to be adjusted, 12 mildly mal- 
adjusted and two grossly maladjusted. 

This is a very small sample, and it would be useful 
to assess the whole group in this way. The amount 
of mild maladjustment seems high, but possibly not 
for a dull physically handicapped population. 
Dunsdon (1952) found, using teachers’ ratings, that 
of 16 cerebral palsied children with I.Q.s below 70, 
only two were reasonably stable. 

The data for the Maudsley descriptive code were 
collected by the psychiatrist and psychologist, from 
the warden, the assistant matron and one staff nurse. 
It seems worth mentioning that in the opinion of 
all of us there may be a need for a special unit for 
these older mentally handicapped (educationally sub- 
normal) children, where they could have a fairly 
simple routine and occupations geared to theif 
intellectual limitations, and not have to compete 
with, or hold back those of average and a'ove- 
average intelligence. It may be impossib‘e 
make these doubly handicapped children comp'etely 
adjusted, but it would be interesting to ha‘e an 
experimental unit in order to see how muci: one 
could achieve. These are all educationally sub- 
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nori ial children, so they are catered for on the 
educ.tional side in small classes. 

Si.teen out of these 17 children have some 
degree of brain damage and were rated as ‘immature’ 
on the Maudsley descriptive code; six out of 
17 were described as having ‘tendency to outgoing 
aggressive behaviour’, eight as having ‘tendency 
to passive withdrawn behaviour’. This is too small 
a sample from which to draw conclusions, but it is 
worth noting that the incidence of aggressive and 
withdrawn behaviour is approximately equal in this 
group of brain-damaged children. 


Present Educational Status 


The 29 educationally sub-normal children in this 
group had a chronological age range from 8 to 
16 years. The reading ages on test ranged from 
ll years to under 5 years, with a mean of 7 years 
(excluding two non-readers). Arithmetic ages on 
test ranged from 9 years to under 5 years, with a 
mean of 7 years (excluding one child under 5 who 
had made no beginning in formal number work). 
Out of 10 children of 8 years or over with a reading 
age of under 6 six had speech defects (with or without 
hearing loss), two had missed much schooling, and 
two were epileptic. However, of six children of 
8 years or over with a reading age of 8-++ (only one 
had no associated handicap) four had visual defects, 
four had speech defects, and two had epilepsy. 
For example, a girl of 10 with a speech defect, a 
visual defect and pathological temper tantrums, had 
a reading age of 8 years. Again, arguing from 
extreme cases, it does seem that some children 
with the most extraordinary assortment of adverse 
factors do learn to read. 


Home Conditions 
It can be seen from Table 10 that the social 


factors for the whdle group vary considerably. 
Only very tentative inferences can be made from 
such © small group, but the following points can, 
we th ok, be considered. 


Th »e seems no evidence from our figures of a 


relati 1 between adverse social factors and failure 
tom: .e progress. The home circumstances of the 
six cl dren in Group IV, varied from good homes 
to b: ken homes with every conceivable adverse 
facto’ but actually all these children were either 
Visite by relatives, or went home for part of the 
_holid s, or both. Conversely, four children of the 
40 s veyed had no visitors, and remained at 
| Chaii during the holidays. Of these, three were 
inG: ip III (1, 2, and 4 degrees of improvement) 
and¢ : was in Group II (5 degrees of improvement). 


TABLE 10 
HOME OF TOTAL GROUP 
F 40 CHILDREN 
Condition No. of Children 
Illegitimate . . 6 
Both parents mentally and | Physically well 24 
Visited 33 
Home for holidays — 32 
Placements other than “home ‘before 
admission: 
Five 1 
Four AS 5 
Three 6 
Two <= 14 
One 14 
Separated before the age of 3... sad 17 


One would expect that had these four children also 
had good home support, they would have made 
better progress. 

Many of the children with adverse social factors, 
such as broken homes, early separation from their 
families, and long and sometimes eventful hospital- 
ization, exhibited only minor degrees of maladjust- 
ment, and did show improvement. We suggest 
that this may be related to the policy (not so rare in 
many long-stay paediatric hospitals) of meeting 
their needs on the spot as far as possible, including 
warm personal relations with individual members of 
staff, a generally stimulating daily programme, and 
of maintaining active links with their families 
through the almoner’s department, as much as 


’ distance and the overall position of the families 


allow. 
Operations 

In addition to the operations outlined in Table 11 
orthopaedic surgery may include other operations 
to correct deformities in spina bifida cases or to 
treat pathological fractures. 

Neurosurgery may involve excision of a myelo- 
meningocele, drainage of a chronic subdural 
haematoma, or insertion of a Spitz-Holter valve 
into the ventricular system in cases of spina bifida 
with increasing hydrocephalus. 

In plastic surgery, trophic ulcers or resultant 
adherent scars in cases of spina bifida with para- 
plegia, may call for excision or grafting; palato- 
pharyngeal mobilization and closure may improve 
speech function and swallowing in cerebral palsy. 


Discussion 
These results show that some children with severe 
mental and physical handicaps do make demon- 
strable gains in functional independence after treat- 
ment in a long-stay children’s hospital. The two 
main groups considered in this study are the mentally 
handicapped children with (a) cerebral palsy and 
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TABLE 11 
OPERATIONS ON 13 CHILDREN 
Orthopaedic No. Urological | No. | Plastic | No. | Miscellaneous No. 
Eggars for over-active 3 Bladder neck resection | 1 | Submandibular gland | 1 Bilateral orchidoplexy 1 
hamstrings excision 
Grice grafts (stabiliza- 2 Urethral plication | 7H Minor operation 1 
tion of foot) 
Amputation terminal 1 | Suprapubic cystotomy | 1 Tonsillectomy 1 
phalanges big toes 
| 
Tarsal arthrodesis | 1 Ileocutaneous uretero- | 1 
stomy 
Tendon transfer 1 
Flexor or adductor 3 
tenotomies 
Total | | 4 | | 


(6) spina bifida with associated myelomeningocele. 
It appears that the miniinum I.Q. or mental age 
necessary in order to make useful progress in daily 
living function is much lower than may have been 
assumed. Our survey suggests that the children 
who did not show improvement, could not, because 
of the severity of the physical handicap, rather than 
because of their mental dullness. In other words 
imbeciles may make some response, idiots probably 
not. Physically and mentally handicapped children 
require not only medical treatment and special 
education, but a wide range of training in daily 
life functions: this study indicates that they can 
respond to such a programme. 

All the evidence suggests that the number of 
these children who survive is increasing, and there- 
fore knowledge of and planning for their needs are 
urgent. 

In our opinion an essential feature of this kind 
of work involving as it does, so many forms of 
treatment, is that there should be one person respon- 
sible for the over-all direction and planning of treat- 
ment for every child, as recommended in the Piercy 
Committee report. In this study the medico- 
social side of the work was co-ordinated and planned 
by a paediatrician. 

Wall (Director, National Foundation for Educa- 
tional Research) wrote in The Times Educational 
Supplement, October 30, 1959: ‘If it did not happen 
daily, it would seem incredible that decisions in- 
volving hundreds of thousands of children and many 
more thousands of pounds are taken with the object 
of achieving certain ends, and nobody attempts any 
kind of evaluation of the results more objective 
than the opinions of those who take the decisions.’ 
We submit, that with the comparatively small and 
clearly defined group of the mentally and physically 


handicapped, an enquiry into this matter could be 
undertaken now. Ours is a crude and retrospective 
survey, but a more refined, prospective assessment 
on these or similar lines would in our opinion not be 
difficult to devise and carry out. 


Conclusion 


Of 36 children, 31 showed improvement in the 
daily living functions, including speech (four of the 
group of 40 were excluded because they were in- 
dependent for these functions on admission). 

The improvement in ambulation has been analysed 
as follows: of 26 children unable to walk on admis- 
sion, nine are now fully ambulant, four are now 
walking slowly and expected to make progress, six 
are walking a few steps, while seven are still unable to 
walk. Nineteen out of 26 children have therefore 
made worthwhile progress in ambulation. 


We are grateful to the many members of the staff 
at Chailey who co-operated in this survey. 
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OBSERVATIONS ON 
THE CLINICAL COURSE AND TREATMENT OF 
ONE HUNDRED CASES OF STILL’S DISEASE 


BY 


B. E. SCHLESINGER, C. C. FORSYTH, R. H. R. WHITE, J. M. SMELLIE and C. E. STROUD 
From The Hospital for Sick Children, Great Ormond Street and University College Hospital, London 


(RECEIVED FOR PUBLICATION MARCH 23, 1960) 


Just over 60 years have elapsed since Still’s (1897) 
classical description of rheumatoid disease in 
children, yet, despite extensive study, the patho- 
genesis remains obscure. To include it in a com- 
posite group of ‘collagen’ disorders may ultimately 
help to solve the problem of aetiology, as certain 
of the histological changes are common to them all. 
On the other hand there are many discrepancies. 
Those, for instance, who point to a close affinity 
between rheumatic and rheumatoid disease in 
childhood find it difficult to ascribe the latter to an 
allergic process involving a streptococcal infection. 
Then there is the extraordinary decline in the 
incidence of acute rheumatism in this country over 
the past 50 years (Cox and Schlesinger, 1956), 
which has by no means been reflected in our experi- 
ence in the case of Still’s disease. 

The only apparent advance has been in treatment; 
steroid therapy has a dramatic effect in both these 
diseases, as it has to a lesser extent in other ‘collagen’ 
disorders. Some believe that any improvement is 
merely temporary, and the view has been put for- 
ward that results in the treatment of these diseases 
are as good with high doses of aspirin as with 
cortisone (Medical Research Council and American 


Hear: Association Joint Report, 1955; Joint Com- 
mitte. Reports of the Medical Research Council and 
Nuff id Foundation, 1954, 1955, 1957a; Ansell, 
Byw: ‘ers and Isdale, 1956). 

Ai assessment of the long-term effect of steroids 
in rb umatoid arthritis in children has been one of 
the r 1in purposes of this investigation and our con- 
clusi 1s differ from those of Ansell et al. (1956). 
One undred cases have been followed for up to 
15S y «rs at The Hospital for Sick Children, Great 
Orm id Street, and at University College Hospital, 
Lon n, and recent personal examination, or in a 
very >w instances reports from their local doctors, 
have rought their progress up to date. The account 
whic follows is divided into two parts. One deals 


with the course and complications observed in the 
series as a whole, in the hope that something further 
may be learned of the natural history of the disease. 
The other gives the findings in the 63 children who 
received steroids, showing the immediate and even- 
tual results of treatment. 


PART I: CLINICAL 


Course and Complications 


Age at Onset. Still’s disease is well known to 
occur earlier than acute rheumatism. In the group 
we are considering of 60 girls and 40 boys the most 


. frequent age of onset was well below 5 years, and 
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the incidence of first attacks declined sharply in the 
second decade (Fig. 1). 


Mode of Onset. Still’s disease compared with 
rheumatoid arthritis in adults generally runs a much 
more acute course, quite often affecting many parts 
of the body before settling in the joints. The main 
features in these circumstances may be high fever, 
rash, lymphadenopathy and _ leucocytosis, with 
only an occasional ache in the limbs. Such children 
may, therefore, suffer many investigations to exclude 
other diseases, and a variety of antibiotics are often 
given in vain. It is generally at this early stage that 
obvious or insidious pericarditis and pneumonitis 
can occur. Eighteen children in the series behaved 
in this manner. The average interval between 
systemic and arthritic involvement in this group was 
four months. In one patient the interval was much 
longer, three years, and in another there were four 
separate bouts of fever before the nature of the 
disease became clear. 


Fever. If the disease is left to run its natural 
course, pyrexia may persist for a long time, even for 
years. The fever may also assume a _ peculiar 
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AGE OF ONSET (100 CASES) 


Bas BS 


NUMBER OF CASES 
- Nn @ Ss 


123545678 9 ON 15 
YEARS 


Fic. 1.—Age at onset of symptoms in 100 cases of Still’s disease. 


periodicity, but the temperature chart shows greater 
irregularity than in Hodgkin’s disease and brucellosis 
(Schlesinger, 1949). Sometimes the fever is very 
high, the child feels extremely ill, vomiting is fre- 
quent and the condition becomes serious. It is 
under such circumstances that steroids are par- 
ticularly effective, but the dose may have to be large 
and the course of treatment prolonged to keep the 
fever and other symptoms under control. 


Rash. A rash occurred in about 40% of patients. 
It is a feature which helps in the diagnosis of an 
obscure case. Only rarely is it present without 
an associated lymphadenopathy and leucocytosis. 
It resembles erythema annulare of acute rheumatism 
in its wide distribution and in the way it comes and 
goes, unaffected by any form of treatment (Fig. 2). 
It may be a sign of an extensive systemic rheumatoid 
disorder and yet does not necessarily carry a gloomy 
prognosis. 

A rash was the main presenting sign in five cases, 
with varying degrees of fever and lymphadenopathy. 
Joint involvement was limited to a transient arthral- 
gia with little or no swelling. These children have 
been followed for four to six years. None have 
developed arthritis; three are now quite well, but 
two have a persistent rash and slight malaise. 

Skin biopsy of the rash demonstrated coarse 
oedematous collagen fibres with abnormal staining 


properties and perivascular cellular infiltratio 1 in 
the upper portion of the corium, with polymeo ‘phs 
and, to a lesser extent, lymphocytes, plasma ells 
and histiocytes predominating (Fig. 3). Somet mes 
the rash is appreciably elevated and has an urtic irial 
quality, and rarely it is purpuric, when patch<cs of 
skin show purple striae or even gangrenous les ons, 
leaving beneath a healthy healing area (:igs, 
4 and 5). 


Leucocytosis. A leucocytosis of up to 30,00) 
c.mm. with 80 to 90% neutrophil polymorphs, is 
a well-known phenomenon, chiefly encountered at 
a florid stage of the disease. It occurred in 44% 
in our series. This reaction was investigated by 
Schlesinger and Cathie (1951), and a marked 
increase of granulocyte cells was discovered in the 
bone marrow, with a shift to the left. This leuco- 
cytic reaction may easily lead to an erroneous 
diagnosis of osteomyelitis, or of suppurative 
arthritis, when a single joint only is at first involved. 

Occasionally in severe cases the bone marrow 
seems to become exhausted by continuous stimula- 
tion and a profound pancytopenia develops. 


Effect of Trauma. In an appreciable number, 14 
in the present series, arthritis began in the very 
joint which had suffered a minor injury shortly 
before. Selye might interpret this as a Jocus minoris 
resistentiae, reacting to generalized systemic stress 
otherwise insufficient to affect healthy tissues. It 
might equally well be the result of some local cir- 
culatory damage, such as is thought to precipitate 
bone tuberculosis or osteomyelitis in similar circum- 
stances. 


Lymphadenopathy. This is a sign of systemic 
rather than of arthritic involvement and bears no 
regional relationship to the joints involved. The 
glands can be greatly enlarged in the absence of 
arthritis, and gross arthritis may proceed eventually 
to crippling without lymphadenopathy at any stage. 
The epitrochlear and axillary glands are the most 
likely to become easily palpable. Biopsy has not 
revealed more than reactive hyperplasia. Eventually 
with remission of the disease the glands resume their 
normal size. Splenomegaly occurs less frequently. 


Arthritis. The type of joint involvement in Still’s 
disease is so well known that further descri»tion 
would be superfluous. Possible delay in the 
appearance of arthritis in the course of the d::ease 
has already been sufficiently emphasized. ‘uite 
often a fleeting arthralgia or transient periart’ ‘ular 
swelling precedes the onset of more chronic oly- 


Fic. 2. 


Fic. 


| 


Fic. 


Fic. 2.—Rheumatoid rash in a girl of 7 years 
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with other signs of 
systemic involvement. 


Histological picture of a skin biopsy in the region of a 
rheumatoid rash. (x 58.) 


Fic. 4.—Purple striae above the knee in a girl aged 10 years with 
severe rheumatoid disease. 


Fic. 5.—Gangrenous skin lesion over the nose in the same child 
(c.f. Fig. 4), which finally healed completely. 


— 
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arthritis. This does not mean that joint lesions 
cannot be the predominant feature from the very 
beginning. The disease in children often takes the 
adult form, but even then there may be an unusual 
course. The spine is frequently affected, par- 
ticularly in the cervical region, and neck stiffness is 
commonly an early manifestation. When this is 
part of a generalized arthritis the interpretation is 
clear but if, as in three of our children, the trouble 
is at first confined to the neck, causing severe 
torticollis, the diagnosis may present difficulty. 

It is helpful to divide arthritis into ‘wet’ and ‘dry’ 
types, depending on the amount of inflammatory 
exudate. With large effusions the joint cartilage is 
offered some protection, and there is much less pain 
and hardly any protective spasm. In our experience 
the chance of eventual complete healing is then far 
greater, provided the capsule has not been so widely 
stretched as to allow subluxation to occur. The 
outlook in the ‘dry’ variety is not so good, for the 
joint surfaces easily become eroded, adhesions form 
and muscle spasm ends in contractures. Although 
finally the disease may burn itself out, the child 
may be left a complete cripple with ankylosis or 
superimposed osteo-arthritis. 


The sudden appearance of monarticular arthritis 
in one of the larger joints instead of the usual 
symmetrical distribution, which usually includes the 
smaller joints, may lead to confusion. With this 
mode of onset an infection such as suppurative 
arthritis or tuberculosis is naturally suspected and 
treated accordingly. The fate of the three patients 
who presented in this manner serves as a warning. 
One had had his hip explored, the second received 
anti-tuberculous drugs for three months and the 
third was immobilized in plaster for an appreciable 
period, before the true nature of the illness became 
apparent. 

Another type of arthritis has been termed inter- 
mittent hydrarthrosis. In this variety, of which 
there have been five examples in our series, the knees 
became distended with fluid at irregular intervals. 
The swelling persisted for a few weeks or many 
months and then disappeared spontaneously. The 
skin temperature over the joints was normal; there 
was no pain and the movements were not greatly 
impaired. Fever was usually absent, lymphadeno- 
pathy and leucocytosis were not observed, and the 
sedimentation rate was normal or slightly raised. 
A rash was present in only one case, and this was 
urticarial and atypical. Intermittent hydrarthrosis 
has long figured in the literature (Cohen, 1955) and 
its aetiology is still debated. The disorder in 
children should always be regarded as a possible 
forerunner of rheumatoid arthritis later in life, and 


the histology of a synovial biopsy may demonst: ate 
changes compatible with this disease. Moreover in 
four of our five patients other joints subseque::tly 
became involved, although not seriously, and tl ere 
was pain and limitation of movement. The f nal 
outcome is shown in Table 1. Three of the chilc ren 
have had no recurrence for nine years or more ind 
are well; in the other two there is some disab lity 
which, in one case (E.S.), is kept under control vith 
steroids. 


Laryngeal Stridor. Arthritis of the crico-ary- 
tenoid joints has been described in long-standing 
rheumatoid arthritis in adults, causing stridor, 
dyspnoea and cyanosis (Hart and MacKenzie, 
1955; Copeman, 1957; Baker and Bywaters, 1957; 
Pearson, 1957; Manning, 1957). We have been 
unable to discover any account of this occurring 
in children, but the present series includes three 
instances. Hoarse, laryngeal, inspiratory stridor 
was noticed, which became so alarming in one child 
that tracheotomy had to be performed after laryngo- 
scopy had demonstrated ‘paralysed’ cords. The 
condition eventually resolved on cortisone and did 
not recur when this treatment was stopped. 


Pericarditis. In his original description Still 
emphasized the importance of recognizing peri- 
carditis. It may be obvious at the very outset and 
bear close resemblance to that occurring in rheumatic 
fever, the child being very ill, although endocarditis 
is not detected and myocarditis is less in evidence. 
More often it is insidious and overshadowed by the 
high fever, extreme malaise, vomiting and extensive 
polyarthritis. Pleuropneumonic signs may also be 
present. For instance, in one child who died of 
bulbar poliomyelitis a year after the onset of her 
rheumatoid disease, autopsy revealed unsuspected 
obliterative pericarditis and pleurisy. 

It might be imagined that pericarditis augurs ill 
for the child’s future, as it so often does in rheumatic 
fever, but this does not necessarily follow. In the 
present series, apart from the case already men- 
tioned, one other child with clinical pericarditis 
died, but four others with this complication were all 
perfectly well when re-examined several years later. 
Although two are left with limited joint disability, 
none of them have any detectable cardiac disease 
and they are able to lead active lives. The favour- 
able result in three of these children may have been 
due to steroid therapy given systemically. I) one 
case it was injected into the pericardium. Th: fact 
that pericarditis in Still’s disease is not uw ually 
associated with endocarditis and myocarditis must 
also have some bearing on the prognosis. 
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TABLE 1 
INTERMITTENT HYDRARTHROSIS 


tion. It occurred in five patients in our series. 
Although local and systemic steroids appear to 
render the uveitis less active, vitreous and corneal 
opacities may form eventually and a cataract can 
develop. In this event surgery is not very satis- 
factory. Vision therefore becomes seriously im- 
paired, even though arthritis may disappear 
entirely. One unfortunate boy in this group, now 
aged 19, was originally treated with gold, but has 
become a hopeless cripple, and has had to undergo 
enucleation of one eye because of this serious 
complication. 

Lenoch, Kralik and BartoS (1959) questioned a 
true relationship between iridocyclitis and rheuma- 
toid arthritis in adults. In Still’s disease there is 
no doubt about this eye complication, which we 


observed in 5° of our cases and Ansell and Bywaters . 


(1959) noted in 7% of theirs. 


Amyloid Degeneration. This complication has 
been described in long-standing adult rheumatoid 
arthritis. Fortunately it is seldom encountered 
in children, but it occurred once in our series and 
has also been reported by Forsyth (1960) associated 
with calcification of the digital vessels. Our case, 
a bey with Still’s disease at 18 months, developed 
albuminuria at the age of 5 years. The Congo red 
test \.as positive and a gland biopsy revealed amyloid 
chan :es. A further gland biopsy repeated six years 
later was normal. His arthritis improved after 
repe: ed intra-articular injections of hydrocortisone, 
and ow at the age of 15 he plays rugby football, 
boxe and is leading a normal school life. There 
ism imal limitation of movement of the hips and 
shou ‘er joints, and the blood sedimentation rate 
Isnc nal, but some albuminuria persists (200 mg./ 
100 41.). He has improved remarkably from a 
com ication which is generally considered to have a 
very oor prognosis. 


M cular Abscess. The muscles in Still’s disease 
usue y escape the general inflammatory process; 


Patient Age at Onset Total Duration Result Age at Last Examination 
(yrs) (yrs) (yrs) 
ca. 9 2 | Complete recovery 12 
E.T. 10 4 Complete recovery 12 
P.S. 2 4 Complete recovery 13 
S.T. 5 6 Recurrence after one 
year’s intermission 12 
10 Recurrence after five 
years’ intermission 15 
Irido-cyclitis. This is fortunately a rare complica- in fact all that is seen is wasting, depending on the 


degree of arthritis and immobilization. Acute 
inflammation of the soft tissues with swelling of the 
limb must therefore be a rare and remarkable 
complication. One such patient has been observed, 
in whom a lump in the biceps became necrotic and 
incision liberated a quantity of sterile pus. At this 
stage the child was critically ill with high fever, but 
made a spectacular recovery on cortisone. Now 
one year later his arm is normal in size and function, 
while arthritis of the knees and ankles remains. 
The pathogenesis of such lesions is obscure, but 
they may be areas of degenerating intramuscular 
nodular formation (Curtis and Pollard, 1940; 
Steiner, Freund, Leichtentritt and Maun, 1946; 
Kersley, Barber, Cregan and Gibson, 1954). 


Nodules and Bone Erosions. Nodules are a well- 
recognized feature in rheumatoid arthritis and they 
were found in seven children. Three of them are 
now quite well with no disability; three still suffer, 
from a ‘smouldering’ arthritis and one died. One 
child, now 12 years of age, still has nodules, although 
she is otherwise well and is studying ballet dancing. 
The nodules have persisted for nine years, except 
for an intervening period of two years, during which 
they could not be detected. 

Nodules are commonly subcutaneous, but they 
may be present in other regions. Possibly the 
following case is an example of nodules in bone. 
A girl of 6 years complained of pain and stiffness 
in the shoulder joints and cervical spine. Rash, 
adenopathy, pyrexia and moderate leucocytosis 
followed and the sedimentation rate was raised. 
One month later painless lumps were noticed on the 
forehead and over the occiput. Radiography of 
the skull revealed a number of irregular areas of 
bone destruction, not only in the region of the soft 
tissue swellings, but also scattered about in the 
parietal bone (Figs. 6 and 7). After numerous 
investigations had failed to reveal the nature of the 
lesions, a bone biopsy demonstrated a condition 
suggestive of a collagen disorder (Fig. 8). Steroid 
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Fic. 6.—Radiograph of the skull of a girl, 7 years of age, with mild 
rheumatoid disease, showing irregular areas of bone destruction. 


Fic. 8.—Histology of swollen subcutaneous tissue in the vicinity 

of the skull erosions depicted in Fig. 6. Degeneration of collagen 

can be seen with fibrinoid changes and the appearance of epithelioid 
cells and fibroblasts. (x 35.) 


therapy caused the soft tissue swellings and the 
skull erosions to disappear, but twice there was a 
recurrence of both a few months after the treatment 
was stopped. On each occasion the skull radio- 
graph returned to normal following a further 
course of steroids. Cystic bone lesions in rheu- 
matoid arthritis have also been described by Mather 
(1954) and by Silver and Steinbrocker (1954). 


Associated Collagen Disorders. With full know- 
ledge of the clinical similarity between Still’s disease, 


Fic. 7.—Radiograph of the skull of the same child (c.f. Fig. 6) 
two months later after steroid therapy. 


disseminated lupus erythematosus, polyarteritis 
nodosa and dermatomyositis, considerable care has 
been taken in selecting cases for this review. L.E. 
cells are difficult to find, but when they have been 
demonstrated that case has been excluded. Muscle 
biopsy, carried out in some instances, has also 
helped in the differential diagnosis. 


Dermatomyositis was present in three of the 
children with Still’s disease. In addition to the 
usual joint signs of rheumatoid disease, complicated 
in One instance by pericarditis and pleurisy, the 
children’s hands appeared cyanosed, and telangiec- 
tases were visible in the nail beds and along the gum 
margins. In two, subcutaneous nodules were 
present, which on biopsy revealed rheumatoid 
changes. In all three children the skin and sub- 
cutaneous tissues had the thickened, non-pliable 
character of dermatomyositis, and this was con- 
firmed in one by muscle and skin biopsy. Leuco- 
cytosis was not a feature, although the sedimentation 
rate was raised and there was ample evidence of 
general systemic involvement. Re-examined four 
to nine years from the onset, two of these children 
are quite well and attending school with little or no 
residual arthritis, and the third is happily at work 
despite some restricted movement of the joints. 
Curious reddish ‘collodion’ patches are still present 
on the knuckles of one child. 


Associated Rheumatic Disease. Despite reports 
of the association of rheumatoid and rheur :atic 
disease, this occurred in only one of the 100 c :ses, 
a boy of 9 years who developed chorea and ca: litis 
after rheumatoid arthritis had been presen: for 
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five months. He is now 14 years old and well 
wit iout having had steroid therapy. 


PART 2: TREATMENT 


Rest followed by physiotherapy and graded 
activity form the basis of treatment for rheumatoid 
arthritis. Spontaneous remission on this regime 
may occur quite early. This, however, may not be 
maintained and after remaining free of symptoms 
for some months, 11 children in our total series 
suffered a relapse. Under such circumstances, or 
when simple measures fail, steroid therapy should 
be considered. In view of the disappointing 
reports of cortisone treatment in rheumatoid 
arthritis in adults (Joint Committee Reports, 1954, 
1955, 1957a) and in children (Ansell et al., 1956), it 
is important to record the good results obtained from 
steroids in the present series. 


Steroid Therapy 


Dosage. Sixty-three patients were studied, 60 of 
whom received steroids systemically and three by 
intra-articular injection alone. The majority were 
given oral cortisone, but some had A.C.T.H. injec- 
tions and latterly prednisolone was used in prefer- 
ence to cortisone. The dosage of steroid and the 
duration of treatment depended upon the patient’s 


response and upon the time taken for the disease . 


to become inactive. The initial dosage was high, 
namely in the region of 200 mg. of cortisone by 
mouth daily for a period of at least a week. During 
the following two weeks it was gradually reduced to 
about 100 mg. daily and this dose was continued 
until the arthritis was well controlled. The child 
was then allowed up for increasing periods, and 
further reductions of cortisone were cautiously 
made until a maintenance level was reached below 
which symptoms recurred or there was a sharp rise 
in blood sedimentation rate. This was usually in 
the region of 50 to 75 mg. daily. It was found that 
sever. relapses often occurred if each successive 
drop n dosage was too great or too rapidly under- 
taker’ Maintenance therapy was usually con- 
tinue’ for several months at least, and finally it 
was ossible to taper off the steroid treatment 
entire y without provoking a relapse. In some 
insta: es, a short course of A.C.T.H. was given 


at th . stage to stimulate the suprarenal glands, 
altho zh this precaution was probably unnecessary 
prov: 2d the cortisone was withdrawn sufficiently 
gradi ly. 


De y in Treatment. 
Striki 


Our figures show to a 
: degree the importance of instituting steroid 


therapy during the first six months of the disease 
if optimal results are to be obtained (Table 2). 
Indeed, all of the 18 children so treated progressed 
favourably; 16 were perfectly normal and two were 
only slightly disabled once the attack had subsided 
and steroids had been withdrawn. 


Duration of Treatment. Analysis of the 63 cases 
who received steroid therapy shows that three had 
intra-articular cortisone only, five died and four 
were taken off steroids for various reasons while 
the disease was still active. These cases are omitted 
from Table 3, which gives the total duration of 
treatment for the 38 patients in whom a remission 
of the disease took place and for the 13 patients 
still on treatment when the follow-up was completed. 
Among the 38 patients who had been treated with 
steroids on a dosage indicated above and for 
periods mentioned in Table 3, 32 (84%) had a 
remission of their disease within one year of starting 
therapy and a further four, totalling 36 (95%) 
within 18 months. No further steroids have been 
given to those 38 children, but the fact that 13 
patients are still maintained on this treatment 
demonstrates that sometimes much longer courses 
are required. For example, one boy has now been 
on steroids for eight years as relapse occurred every 


TABLE 2 


DELAY IN SYSTEMIC STEROID TREATMENT AND FINAL 
DISABILITY: 38 CASES IN REMISSION 


Final Disability Time Before Steroid Treatment 

Following No. 

Remission <6mths| < 1 yr | < 2 yrs | > 2 yrs 
None ae - 24 16 4 3 1 
Slight * 9 2 1 1 5 
Moderate 3 0 1 0 Z 
Severe 2 0 0 1 l 1 

TABLE 3 


DURATION OF SYSTEMIC STEROID TREATMENT 


No. of Cases 
Duration of 
Treatment 


In Remission Still on Steroids* 


— 2 mths 
4 mths 
6 mths } 


N 
= 
a 


w 
oo 
w 


Totals 


* Many have been on treatment for a considerable time and the 
Outcome is uncertain. 
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72 
TABLE 4 
TIME SINCE COMPLETION OF SYSTEMIC STEROID 
TREATMENT 
Time Since No. of Cases 
Completion (yrs) in Remission 
—1 
3 16 
—5 6 
—7 9 
Total 38 
TABLE 5 
PRESENT STATUS OF 60* CHILDREN GIVEN 
SYSTEMIC STEROIDS 
wae Remission Active 
Joints Nos. % Nos. yA 
None 24 60-5 3 17-6 
Slight 9 23°8 6 35-2 
Moderate 3 10-5 4 
Severe 2 4 23-5 
Total 38 17+ 


* Five children are dead. 

+ Thirteen of the 17 active cases are still under treatment with 
steroids, in one because iritis is still troublesome, although there is 
no arthritic disability. 


time the dose was reduced below a critical level. 
The duration of treatment required in any individual 
child cannot be foretold and does not depend upon 
the severity of the initial manifestations. The fact 
that 18 months’ treatment was adequate for the 
majority of the children contrasts with the years of 
treatment usually required in adults (Joint Com- 
mittee Reports, 1954, 1955, 1957a). This difference 
in response is of great practical importance. More 
than one course was also necessary in some children 
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to deal with recurrences of their disease sev eral 
months or even years after steroid therapy was 
stopped. After five years’ remission, howe ver, 
relapses were unusual and Table 4 should be stu lied 
with these reservations. This Table gives the ime 
that has elapsed since the child ceased to have ste oid 
treatment and has remained well. 


Results of Steroid Therapy. Steroid the:apy 
produced some improvement within a week in the 
majority of children treated. The erythrocyte sedi- 
mentation rate usually fell to normal in about two 
to three weeks and the children were then allowed 
up. In many the effect of the drug was dramatic. 
Fever quickly subsided and the child’s appetite 
and well-being improved. The lymph glands and 
the spleen, if enlarged, diminished in size, and a 
rapid decrease in joint pain and swelling led to 
improved mobility. Signs of pericarditis in a few 
children disappeared and recovery took place. 
Anaemia was gradually corrected without the neces- 
sity for blood transfusions. Only the skin rash 
proved resistant to treatment and continued inter- 
mittently after other manifestations of the disease 
had been controlled. With steroid therapy there 
was little doubt that the acute phase of the disease 
became much more tolerable and, while this in 
itself was gratifying, the long-term results were even 
more important. By modifying joint stiffness and 
swelling it proved possible to prevent serious per- 
manent damage in the majority of children. The 
present status of the children treated with steroids 
systemically is seen in Table 5. In the 63 children 
treated systemically or locally, 41 have completed 
their steroid treatment (Table 6) and 35 (85%) of 
these are normal or show only slight residual joint 
damage. Seventeen patients still have active disease; 


TABLE 6 
COMPARATIVE SERIES 


Final Disability: Cases in Remission 


Series Treatment No. In | 
Died Active Remission None Slight Moderate | _ Severe 
No. | % | % | No.| % | No: | % | No.| % | % | No.| % 
Present ..| Nosteroid therapy* 37 2 5 Ys 5 33 90 18 55 10 30 | 3 | 9 2 6 
Present | Steroid therapy 637 5 8 17 Pej 41 65 25 61 10 24 | 4 | 10 2 5 
| Total 10 19 | 19 | 74 | 74 | 43 | 58 | 5 
Colver (1937) .| No steroid therapy 49 12/24 18 36 19 38 11 (58%) 8 (42%) 
Ansell and Bywaters | Steroid therapy in (216) 9 4 105 50 95 | 46 42 | 44 53 (56%) 
(1959) .. 63 assess- 
ment in 
209 


* Compared with those on steroid therapy in the present series the majority of these cases were less severely affected. 


t Includes three who received intra-articular therapy alone. 
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13 .f them are on steroid therapy at present and 
the »utcome is uncertain. 

F ve children died, two due to generalized rheu- 
matvid disease with pericarditis and three from 
intercurrent infections. One of the two children, 
who died with pericarditis, relapsed after steroid 
therapy was stopped (in 1951) more abruptly than 
wou!ld now be recommended, and the other was not 
responding to a moderate dose of steroid when she 
died. With regard to fatal infections, one child 
developed bulbar poliomyelitis at a time when her 
Still's disease was well controlled with A.C.T.H.; 
her case was fully reported at the time by Pugh 
(1952). Another child died suddenly at home of 
bronchopneumonia following measles one month 
after hormone therapy had been stopped, and the 
third succumbed to infective hepatitis while on 
cortisone. 

Intra-articular hydrocortisone has in some cases 
helped to clear up persistent joint effusions when 
given alone or in conjunction with oral cortisone. 
Two out of three children with joint effusions but 
no systemic signs who were treated with intra- 
articular injections responded promptly. A 25 mg. 
injection given twice proved effective, but in the 
third child this had to be repeated many times 
before the effusion in the knee joint responded. 
Some relief lasting six to eight weeks has been 
reported by Chandler, Wright and Hartfall (1958) 


from this method of treatment in adult cases. - 


However, in spite of clinical improvement the joints 
deteriorated radiologically, possibly due to ‘a 
damaging level of performance by interference with 
a normal, locally protective mechanism’ (Chandler 
and Wright, 1958). In the two children just 
mentioned where this method succeeded the joints 
were clinically and radiologically normal six months 
and three years later respectively. 


Toxic Effects of Hormones. Children receiving 
high ‘osage or prolonged steroid therapy should be 
prote ted against possible electrolyte disturbances 
» administration of potassium chloride, 1 to 
daily. A high protein and limited carbo- 
‘ ¢ diet is also desirable in view of the protein 
loss } -oduced by steroids. In face of the increased 
‘e it is difficult to reduce the total calorie 

although amphetamine may be of some 
assist ace. Prevention of obesity obviously helps 
tom «mize the strain put on weight-bearing joints. 
Itis ell known that infections may be masked by 
Sstero 5. Oral penicillin (phenoxymethyl _peni- 
cillin {25 mg. b.d.) may help to prevent the more 
com: »n pyogenic disorders and should be pres- 
cribe daily. 


These were the routine supportive measures 
adopted in the majority of cases and no serious 
electrolyte disturbance occurred. There was no 
undue tendency towards minor infections, and none 
developed tuberculosis. One child, however, con- 
tracted pneumonia and empyema following measles 
and made a complete recovery. The three deaths 
from infections have already been noted. 

Euphoria was fairly common and in some ways 
was an advantage in helping the child to cope with 
a long illness. None of the children became 
depressed, as has been described in adult patients 
on steroid therapy. No significant glycosuria was 
noted and symptoms suggestive of peptic ulceration 
were not encountered. Hypertension occurred in 
two boys, necessitating the withdrawal of steroid 
therapy, after which the blood pressure returned 
to normal. 


Osteoporosis due to cortisone affects the whole 
skeleton, but is most noticeable in the vertebral 
column. Involvement of the lower thoracic and 
the lumbar vertebrae occurred in eight children, 
12-7% of those who had been treated with steroids, 
with associated deformity in five. One had spon- 
dylitis at the onset of his illness, which may have 
contributed to the osteoporosis, but in the other 
seven it was certainly due to steroid therapy. This 
complication, originally mentioned by Welch and 
Forsyth (1953), has been considered by Luder 
(1954), and was observed in two children by Ansell 
et al. (1956), although it was not referred to in 
adult trials (Joint Committee Reports, 1954, 1955, 
1957a). When vertebrae were affected, it was 
thought desirable to keep the children ambulant to 
prevent further decalcification resulting from bed 
rest. In every instance recalcification occurred 
satisfactorily after withdrawal of cortisone and no 
neurological complications occurred. For example, 
one boy who developed vertebral collapse after a 
seven months’ course of cortisone was able to play 
cricket for his school four years later and now at 
the age of 19 has a perfectly normal vertebral 
column with no evidence of permanent damage 
(Fig. 9a and b). 

Routine x-ray examination of the spine every few 
months in children on long courses of hormone 
therapy was instituted in order to detect the com- 
plication early, and it was usual to reduce the steroid 
dosage, or stop it altogether, if increasing osteo- 
porosis was found. It was noticed that children 
who already suffered from generalized skeletal 
decalcification due to enforced immobilization 
before steroid therapy were especially liable to 
vertebral collapse in a comparatively short period 
after treatment had begun. A high protein diet, 
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Fic. 9a.—Radiograph showing osteoporosis and vertebral collapse 
in a boy aged 12 after seven months’ treatment with steroids. 


extra calcium and vitamin D cannot be relied upon 
to prevent this complication. The use of testo- 
sterone or its analogues has also proved disappoint- 
ing. Our experience with triamcinolone in a few 
cases has not shown it to be superior in this respect. 


Other Forms of Drug Therapy 


Phenylbutazone proved too toxic when tried in 
a few patients and mepacrine and chloroquin had no 
effect. Chrysotherapy was not used because of its 
known toxicity, but it should be mentioned that 
two children treated by a colleague improved con- 
siderably with gold therapy following only partial 
relief with steroids. 

Many of the children received aspirin in ordinary 
analgesic dosage. Ten were given higher doses of 
aspirin (1 grain per lb. body weight per day), such 
as are sometimes employed in the treatment of 
acute rheumatic fever. This treatment was carried 
on for two weeks in nine children and four months 
in one without noticeable benefit. In three, clinical 
salicylism occurred with tinnitus, deafness, vomiting 
and acidosis, but despite this the blood sedimentation 
rates were above 50 mm./hr. and the joints remained 


ARCHIVES OF DISEASE IN CHILDHOOD 


Fic. 9b.—Radiograph of the spine seven years later (c.f. Fig. 9a) 
demonstrating that these lesions are no longer present. 


swollen and painful. Another child developed 
severe bleeding due to salicylates. In our experi- 
ence even high doses of aspirin failed to produce in 
any child the direct beneficial effect on the swelling 
and stiffness of the joints seen with steroid therapy. 


DISCUSSION 


This study confirms Still’s original contention 
that the disorder in childhood often has its major 
impact on various sites of the body apart from the 
joints. It is indeed the inflammatory process in 
these tissues which provokes such an acute reaction 
and, if allowed to progress, it may eventually prove 
fatal. It has been shown that systemic involvement 
can in fact continue for a considerable time before 
arthritis becomes the most arresting feature, and 
that this has often delayed a correct diagnosis. 

Both in its earlier age of onset and more isolated 
attack on one part of the heart, the pericardium, 
Still’s disease is in marked contrast to rheumatic 
fever. But there are several points of similarity, 
such as nodules, the behaviour of the rash, ‘he 
effect of trauma and the benefit obtained from 
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ste oids. It is therefore surprising that rheumatic 
an rheumatoid manifestations were only once 
ass ciated in the 100 cases. Other collagen dis- 
orcers, however, were present at the same time in 
several. 

Although Still believed that cases in which the 
joints alone were affected were not in the same 
category as the disease he described, our experience 
indicates that they can be regarded as a variant 
of the same disorder. We have seen that in many 
children there may be a ‘systemic’ stage followed 
by an ‘arthritic’ stage, but in a number the disease 
can begin insidiously in the joints, as it usually 
does in adults. Finally, adults occasionally fall 
ill with all the manifestations of the acute generalized 
onset most common in childhood. The first to 
describe this was Chauffard, a contemporary of 
Still. 

Taking all these possibilities into consideration, 
there is no doubt that the malady is more acute in 
children than in adults and yet the period of activity 
of the disease is often very much shorter. For 
example, out of 60 patients in our series who were 
given systemic steroids, remission took place in at 
least 53° within one year of starting therapy. In 
the joint clinical trial of the Medical Research 
Council and the Nuffield Foundation (Joint Com- 
mittee Report, 1957a) the remission rate in 53 adults 
treated with cortisone was only 23% over three 
and a half years. For the child with rheumatoid 
arthritis, therefore, a limited course of hormones 
may prevent permanent disability without incurring 
the dangers associated with years of steroid treat- 
ment. 

Some writers believe that large doses of aspirin 
are as good as steroid therapy in the control of 
rheumatoid arthritis, and that the side-effects of 
steroids make their use undesirable. We have not 
found even high doses of aspirin to be nearly as 
effective as adequate steroid therapy. In the joint 
clin:cal trials of the Medical Research Council and 
the Nuffield Foundation (Joint Committee Reports, 
195‘, 1955, 1957a), in which it was concluded that 
cor’ ‘sone was not superior to aspirin in the treat- 
mer: of early rheumatoid arthritis in adults, the 
ave ige dose of cortisone was on the whole much 
low r relative to the weight of the patient than that 
use’ in our series of children, where the amount 
was determined by the effect on the disease. It 
see: 3 likely that success with steroids depends upon 
ade uate dosage maintained over a sufficient period. 
Int ¢ Medical Research Council trial of 1954 (Joint 
Cor mittee Reports, 1954) it was observed that a 
nur .er of patients relapsed when steroids and 
asp: in were withdrawn rapidly after 12 weeks’ 


treatment, whereas both drugs afforded greater 
relief when they had been given for one year or more. 

Prednisone used in relatively higher doses in 
adults gave better results (Joint Committee Reports, 
1957b), and the most recent trial (Joint Committee 
Reports, 1959) shows definite benefit from the use of 
prednisolone compared with aspirin or other 
analgesics. In the group treated with prednisolone 
a decrease in the incidence and progression of 
radiological signs of erosive joint disease was 
apparent. These findings are in favour of pred- 
nisolone being used in preference to cortisone. A 
trial combining prednisolone with corticotrophin is 
being carried out and may prove to be the best 
method in those cases requiring prolonged steroid 
therapy (Savage, Davis, Chapman, Wickings, 
Robertson and Copeman, 1959).* 

In our experience, aspirin in high dosage has 
produced toxic effects including tinnitus, deafness, 
acidosis, vomiting and bleeding. As has already 
been pointed out, the one important side-effect of 
steroid therapy in our series was osteoporosis, 
affecting eight children out of the 60 treated sys- 
temically. This risk, however, was considered 
justifiable in view of the danger of death or severe 
crippling if the rheumatoid disease was left uncon- 
trolled. Moreover, the vertebral lesions disappeared 
if steroids were stopped or their dosage reduced 
appreciably. 

The results of treatment, both conservative and 
with steroids in our series of 100 children are given 
in Table 6. Although detailed records of the 37 
children who were not given steroids are available 
and show ahigh remission and recovery rate, they 
cannot be used for comparison because they were 
not selected at random. Moreover, they were 
milder cases and this was the main reason they were 
only given symptomatic treatment. ‘Historical’ 
controls are also unsatisfactory, but, nevertheless, 
the results in our more severe cases treated with 
steroids are much better than those reported by 
Colver (1937), using the general measures, which 
were all that were available at that time. Deaths 
are now much less common and there are many 
more complete recoveries. 

Sixty-three of our 100 children were given steroids. 
Ansell and Bywaters (1959) have reported 216 
children with rheumatoid arthritis, of whom 63 
were treated with steroids, i.e. about half the propor- 
tion as compared with our series. Fewer remissions 
were reported in their patients and the percentage 


* Recently we have been successfully using this method of 
combining oral prednisolone with daily ACTH gel intramuscular 
injections. By this means a lower satisfactory total dosage of 
steroids is required and cortical adrenal atrophy is less likely to occur. 
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who had no final disability once the disease was no 
longer active was also smaller (Table 6). It is 
tempting to speculate that our apparently better 
results were due to the more frequent use of steroid 
therapy. 

These comparisons are admittedly open to 
criticism. Nevertheless, clinical experience has 
convinced us of the value of steroid therapy when 
serious systemic disease or severe joint disturbances 
persist after several weeks’ trial of conservative 
measures. The present study of 100 children with 
this disorder suggests that this therapy will have 
to be considered in about two-thirds of the cases. 


SUMMARY 


The most important systemic features and com- 
plications of Still’s disease are described in addition 
to unusual types of arthritis, which may obscure the 
diagnosis. 

Some support is given to the conception that 
rheumatoid arthritis is only one of a group of 
collagen disorders by the association in certain 
instances of Still’s disease and dermatomyositis in 
the same patient. 

Treatment with steroids gives the best results if 
begun early. The duration of treatment required 
is much shorter in children than in adults. Osteo- 
porosis with vertebral collapse is the most serious 
complication of steroid therapy. Although a few 
recalcitrant cases pursue a relentless course in spite 
of all forms of treatment, steroid therapy is justified 
in all but mild forms of the disease and is most 
likely to bring about complete recovery. 


Our thanks are due to the many colleagues who have 
allowed us to follow up their patients and to the prac- 
titioners who have given us up-to-date information about 
a few of the children. We are grateful to Dr. Martin 
Bodian for his histological reports and to Mr. Derek 
Martin for the photographs. 
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SEROLOGICAL INVESTIGATIONS INTO SEQUELAE OF 
SCARLET FEVER WITH PARTICULAR REFERENCE TO 
RHEUMATIC FEVER 


BY 
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and from the Second City Children’s Hospital, Sofia, Bulgaria 


(RECEIVED FOR PUBLICATION MAY 24, 1960) 


The question of detecting the changes in reactivity 
after streptococcal infections and before the first 
rheumatic attack is of great importance from the 
standpoint of rheumatology. This paper reports 
the results of our serological investigations after 
scarlet fever in a two-year follow-up of 31 children. 
Examinations, using nine laboratory tests, useful 
in rheumatology as indices of inflammation and 
immunobiological equilibrium, were carried out. 

From the beginning of 1957 to the middle of 
1959, 31 children with scarlet fever were treated for 
six days with penicillin and were followed up 
clinically and with laboratory tests. Sixteen of 
them were examined in the first 10 days of the 
disease, and tests were carried out later, after com- 
plications, in 15 cases. 

Five children were 4 or 5 years old at the time 
they caught the disease, 23 were between 6 and 10 
years, and three were between 11 and 13 years of age. 

Three children were followed up for 10-12 months 
after the onset of the scarlet fever, two for 16-18 
months, 12 for 20-24 months, and another 14 for 
25-31 months.* 

The disease took a comparatively mild course 
in all 31 children, but only four (13%) of them 
had neither complications nor intercurrent in- 
fect ons during the post-scarlet fever period. With 
the remaining 27 children (87%) the following 
con plications were observed mainly during the 
firs two months after the onset of the scarlet fever: 
ton illitis acuta or tonsillopharyngitis chronica 
exa erbata in 20 cases (14 children underwent a 
ton illectomy), arthralgias in eight cases (four having 
hac arthralgias before scarlet fever), transient 
E.C G. and clinical signs of myocardial involvement 
in hree cases, lymphadenitis colli in five cases, 


*  fter the completion of the work another clinical and laboratory 


chee was carried out and the term of observation was prolonged 
to tl -ee years. 


77 


otitis media in three cases and allergic manifestationS 
in five cases (including a case with bronchial asthma). 

The clinical and laboratory observations were 
carried out on each child at different intervals 
because of technical difficulties; the mean number 
of laboratory tests performed on each child was 
nine. 


Methods 


The laboratory tests were carried out using the follow- 
ing methods: 

Erythrocyte sedimentation rate. The E.S.R. was 
determined by Westergren’s method (1921, 1957), 
estimations up to 10 mm. in the first hour being accepted 
as normal. 

C-reactive protein. This was determined by the 
method of Anderson and McCarty (1950), using C.R.P. 
anti-serum?+ and assessed as —, +, ++ or ++4, in 
accordance with the criteria suggested by Wuhrmann and 
Wunderly (1957). 

Serum protein fractions. These were determined by 
paper electrophoresis following Flynn and De Mayo 
(1951), and total protein by Kingsley’s method (1940). 
Normal figures for sera from 42 healthy children (Popov, 
Stanisheva and Kostova, in the press) are set out below: 


Serum Relative Serum 
Protein yA (g./100 ml.) 
Fraction (o = 1) (oc = I) 
Albumins .. 56°4+43°-1 3-93+40-37 
Globulins 4-3+40°8 0-30+0-08 
a2 10-3+1°-1 0-72+0-14 
12-4+1-5 0-87+0-13 
Y 16-6+2-0 1-16+0-17 


Plasma fibrinogen levels. These were determined by 
the kjehldalometric method; the normal range was 
180-350 mg./100 ml. plasma and was in accordance 
with our own findings (Popov and Stanisheva, 1958). 

Antistreptolysin reaction (A.S.O.). This was deter- 
mined by the method described by Kalbak (1947). 


+ Manufactured by Schieffelin and Co., New York. 
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Standard serum from the State Serum Institute, Copen- 
hagen, was used. Though a titre of over 200 units was 
accepted as pathologically increased, we have previously 
shown (Popov and Bojadzieva, 1957) that serial estima- 
tions have a very much greater value than a single initial 
determination. 

Haemagglutination reaction. Here the Waaler-Rose 
reaction was used as modified by Svartz and Schlossmann 
(1952) according to Dickgiesser and Harter (1953). A 
titre of over 16 units was accepted as increased. 

Coombs test was carried out (Coombs, Mourant and 
Race, 1945). 

Atypical anti-erythrocyte agglutinins: agglutinating and 
conglutinating (in 6% dextran solution) auto- and 
isoantibodies at +4°, +22° and +37° C. 

Tissue antibodies. These were determined by the 
antihuman globulin consumption method of Steffen 
and Schindler (1955). 


Results 


The first clinical group of six children (Cases 
1-6) was characterized by comparatively mild scarlet 
fever, but with various complications and inter- 
current infections in the post-scarlet fever period. 
In this same group several complications were 
observed especially during the period within the 
third and sixth week after contracting the disease. 
During this period, as well as during the subsequent 
period, tonsillitis and tonsillo-pharyngitis occurred 
with frequent exacerbations. In two children 
(Cases 1 and 2) these inflammations lasted for more 
than a year and subsided after systematic penicillin 
treatment and tonsillectomy. With the second 
case the tonsillectomy resulted in a temporary 
turn for the worse, clinically (a severe pharyngitis) 
and in the laboratory findings. The combined 
antibiotic treatment and tonsillectomy with Cases 3 
and 6 shortened the period of reconvalescence. Four 
of the children had shown allergic manifestations 
since early childhood, which were considerably 
aggravated after the scarlet fever. Case 6 had a 
relapse of scarlet fever seven months later. This 
5-year-old child showed quite a number of allergic 
and septic complications (besides the usual children’s 
infectious diseases and an infectious mononucleosis). 
Parallel to the clinical developments the laboratory 
tests showed deviations from normal with a great 
number of peaks (Fig. 1). The tests for activity 
of the inflammation were positive in all children of 
this group as were the signs of streptococcal sen- 
sitization. Not one of the cases in the first group 
developed rheumatic fever during the observed 
period. 

The second group consisted of 15 children (Cases 
7-21). They also had mild scarlet fever. During the 
first three to five weeks temporary complications were 
observed, mainly persistent tonsillitis and tonsillo- 


pharyngitis, which necessitaied penicillin treatm =nt 
and tonsillectomy in seven children. During the 
following months the post-scarlet fever period vas 
undisturbed, with only slight intercurrent ailme its, 
The laboratory findings showed some deviai on 
from the normal during the period of the compl. :a- 
tions, but the curves ran almost unchanged. \No 
case of rheumatic fever was seen in this group of 
children. 

The third group consisted of 10 children (Caz ses 
22-31), considered as controls as they showed li.tle 
symptomatology during the post-scarlet fever 
period and almost constantly normal laboratory 
findings (Fig. 2). Tonsillectomy was performed on 
three children. Here also no cases of rheumatic 
fever occurred. 

During the time of the influenza epidemics (1957 
and 1959) 21 children fell ill. The period of the disease 
passed mildly without complications. In 10 cases 
temporary changes were noted in some of the labora- 
tory tests used. 

The individual laboratory tests in this clinical 
material showed the following results: 


Erythrocyte Sedimentation Rates. Constantly 
normal results were obtained in 12 children, while 
in 19 the E.S.R. was raised to a varying degree. 
The highest figure for the first hour was 52 mm. 
and more than 40 mm. in five children on isolated 
occasions. The raised E.S.R. was seen in connexion 
with complications of various kinds, e.g. severe 
tonsillo-pharyngitis, bronchopneumonia and mono- 
nucleosis. In two children (Cases 1 and 4) it was 
sustained for three months at a pathological level, 
and in another child (Case 2) up to a year. 

The results indicate that the E.S.R. figures were 
highest during the first two months. In single 
estimations significant deviations were established 
up to the 12th month. During the following 
months, even with clinical signs of activity, the 
E.S.R. rarely surpassed the normal boundaries (the 
exceptions were in cases of mononucleosis and other 
severe complications). 


C-reactive Protein Test. As a sensitive indicator 
of inflammation this test revealed interesting data 
during the different stages of the post-scarlet fever 
period. Negative results were obtained in only 
11 cases. During the first 10 days the C.R.P. was 
positive in 10 of 16 cases investigated. The greatest 
number of positive results were seen during the 
period of the complications, i.e. the third to the 
sixth week. Up to the ninth month only in odd 
cases was the test positive, being usually + and 
rarely +-+ (and linked with frequent exacerba’ ‘ons 
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G = Influenza; 


T = Tonsillectomy. 
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of an inflammation in the throat). At the end of the 
observed period a positive test occurred only in a 
few cases (in bronchopneumonia, mononucleosis 
and after tonsillectomy). After the ninth month 
even with clinical signs of active inflammation like 
tonsillo-pharyngitis the test remained negative. 
In cases with numerous complications (Cases 1-6), 
the estimation of C.R.P. during the time of activity 
showed a positive result repeatedly and the curve 
remained positive for a month or longer. A detailed 
analysis revealed that the test showed a positive 
result in active inflammation and then it quickly 
abated to become positive again with a new exacer- 
bation. During the later stages of the post-scarlet 
fever period the test became scarcely positive even 
in an active inflammation. 


Serum Protein Fractions. In 16 children the 
protein fractions were constantly normal, and in 
15 children a moderate disproteinaemia was estab- 
lished. But even in Cases 1-6 the albumin levels rarely 
dropped below 45%, «2 globulins did not surpass 
6:6 relative % (0-52 g. %) and «2 globulins reached 
maximal up to 15-8 relative % (1:31 g. %). The 
8 globulins did not undergo significant changes. 
The most marked increase in the serum protein 
fraction levels occurred with the y globulins, which 
increased early and remained high for a long time, 
reaching 26:5 relative % (1-85 g. %). From Fig. 1 
it can be seen that the curves of the albumin/ 
globulin ratio and of « and y globulins show an 
irregular fluctuating course. These variations in 
the serum protein fractions correspond to the 
fluctuating course of the complications of infections 
of the mouth and throat as well as to the intercurrent 
infections. 

The variations of serum protein fraction levels 
indicated a fluctuation of « globulins chiefly during 
the first six weeks after the scarlet fever onset, being 
increased later only in odd cases with severe com- 
plications. The y globulins were increased during 
the first 10 days and remained high for some months 
(in eight children up to five months and in some cases 
up to one year). During intercurrent infections and 
especially in influenza, changes took place only in y 
globulins. 


Fibrinogen Levels. In none of the cases was a 
plasma fibrinogen level over 600 mg. % recorded. 
In the plasma of six children a fibrinogen level of 400 
to 600 mg. % was found: Case 1 on the fourth day 
of the disease, Case 2 on the third day after tonsil- 
lectomy, Case 4 on the tenth day of the scarlet fever, 
Case 5 on the 46th day, the period usually associated 
with complications, Case 12 on the 14th day and 
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Case 19 on the 44th day in a severe tonsil o. 
pharyngitis. 


Antistreptolysin Reaction. In 12 children he 
reaction was normal, and in 19 it was raised: be ng 
up to 400 units and up to 800 units in 10 and n ne 
children respectively. Of nine children with rai: ed 
A.S.O. five belonged to the group with numerc us 
complications (chiefly of streptococcal type). The 
A.S.O. curve in this group remained at its hgh 
level for varying periods of time. In Case 4 a 
normal value was not established during 20 mont 1s, 
The greatest frequency of high titres was found 
between the third and the sixth week and in cases 
of persistent active inflammation of the throat. 
In the period after the second month the A.S.O. 
was raised only in a few cases. 


Haemagglutination Reaction. During the post- 
scarlet fever period the test was positive in seven 
cases only after influenza. 


The Coombs Test. The direct Coombs test was 
constantly negative; the indirect Coombs test was 
slightly positive in two cases after influenza and in 
a single case of infectious mononucleosis. 


Atypical Agglutinins. These, with slightly or 
moderately raised titre, were found for a short time 
in four cases after influenza and in one case of 
infectious mononucleosis. 


Tissue Antibodies. 
serum of any child. 


These were not found in the 


The laboratory tests showed that symptoms of 
inflammatory and immunological type were found 
in 21 children, most clearly manifested in Cases 
1 to 6. The laboratory changes in our 21 cases 
differed from those of the rheumatic attack (severe 
dysproteinaemia, hyperfibrinogenaemia and a raised 
A.S.O. titre) and were as those in infectious diseases, 
mainly with an increase of the y globulins, slight 
and transient changes in the « globulins, normal or 
slightly raised fibrinogen levels, etc. There was no 
evidence of significant involvement of the connective 
tissue as in rheumatic fever. The immunological 
tests showed signs of streptococcal sensitization in 
19 children, A.S.O. being slightly raised in 10 of 
them, and in the remaining nine children reaching 
800 units. The raised level of the A.S.O. was 
likely to be caused both by the scarlet fever itself 
and by the different complications mainly of 
streptococcal origin. It is worth noticing tha’ the 
A.S.O. in four children out of 21 who had had 
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ini uenza showed a non-specific raised titre of the 
ty; e of the anamnestic reaction. 

“here was a parallel between the clinical mani- 
fes ations (mainly focal inflammations) and the 
laboratory findings during the first six months, but 
later changes in the immunobiological condition 
were rarely found in the presence of clinical 
symptoms. 

In our series we had no experience with scarlet 
fever patients who had not been treated with peni- 
cillin. 

Summary 


Thirty-one children with scarlet fever treated with 
penicillin were followed up for more than two years, 
systematic laboratory tests (E.S.R., C.R.P., S.P.F., 
fibrinogen level, A.S.O., sensitized sheep cell 
reaction, the Coombs test and reaction for tissue 
antibodies) being carried out. 

In 21 children immunobiological changes were 
related to the numerous complications and inter- 
current infections observed in the majority of 
the cases during the first six months of the post- 
scarlet fever period. 

The clinical and cardiological check as well as 
the laboratory tests showed no signs of rheumatic 
fever. 

There was no ground for considering that the 
post-scarlet fever period was immunobiologically 
identical with the acute phase of rheumatic fever, 
nor with the period before the first rheumatic 
attack. 


I am grateful to Professor Dr. V. Tzontchev, Director 
of the Department of Rheumatology and Cardiology, 
for his advice and valuable suggestions; to Dr. P. 
Belopitov, Chief of the Second City Children’s Hospital, 
for his help; to Dr. Y. Belov, Senior Assistant of the 
Department of Rheumatology and Cardiology, and to 
Dr. S. Stanisheva for their cardiological consultations. 
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It is apparent that, under certain circumstances 
so far undefined, neuroblastomata may be asso- 
ciated with a secretion of pressor amines in sufficient 
amounts to cause significant symptoms. Mason, 
Hart-Mercer, Millar, Strang and Wynne (1957) 
reported an infant with an adrenaline secreting 
intrathoracic neuroblastoma which was successfully 
removed. The preoperative symptoms, sweating 
and pallor, were completely relieved by extirpation 
of the tumour. We wish to report on a child in 
whom we were able to reach the correct diagnosis 
before operation by referring to the description by 
Mason and his colleagues. The symptomatology, 
situation and histology of the tumour and the post- 
operative course were similar to the infant des- 
cribed by Mason et al. (1957). As these authors 
stated, the importance of these findings appears 
to lie beyond their immediate interest. 


Case Report 


C.H. was the second born child of healthy parents. 
She weighed 7 lb. 6 oz. at birth and was a full-term 
baby. She was regarded by her parents as quiet and 
easily manageable, apart from occasional episodes of 
vomiting, up to the age of 20 months. From about 
this age it was noted that each time the child was taken 
up from its cot (after its morning rest, at 10 o’clock at 
night and on rising in the morning) the pillow and pillow 
case were drenched. For some time it was thought that 
in spite of attempts to keep the child dry she was wetting 
the bed and pillow. The child’s head was so wet that 
her hair was always stuck down on to her head and neck. 
During the day, especially after meals, she sweated 
profusely, especially noticeable on the upper lip and 
around the hair line, for no apparent reason. At the 
age of 2 she was treated for roundworms and from then 
until her admission to hospital at the age of 3 years 
8 months she was described as a lazy child, content to be 
all day in her pram and be ‘pushed around by the other 
children’. The sweating continued, more noticeable 
some days than others, but never causing severe pros- 
tration. The hair was always so wet that its texture was 
altered and its growth limited. Her mother never 


82 


noted any loss of consciousness or fainting attack, >ut 
stated that at times the child seemed to go deaf and very 
pale in colour. On these occasions she seemed distant 
and uncooperative. 

On admission to hospital the child weighed 26 lb. 
She was stunted, listless and apathetic. Her face was 
pale and beads of perspiration could be seen on the lips 
and forehead. Though not acutely ill the child seemed 
generally out of condition. 

Another positive finding on physical examination was 
a fullness in the region of the posterior ends of the 
11th and 12th ribs on the left side. This was caused by 
a firm irregular mass, apparently growing from the 11th 
intercostal space. This mass was neither tender nor 
fluctuant. A radiograph of the child’s chest is shown 
(Fig. 1) and the relationship of the tumour to the 11th 
and 12th ribs in Fig. 2. Examination of the blood showed 
Hb 12-3 g./100 ml., the red cells normal, and white 
cells 8,300/c.mm. (lymphocytes 66%, polymorphs 24% 
and eosinophils 2%). The blood urea was 25 mg./ 
100 ml., serum sodium 135 mEq/litre, serum potassium 
4-6 mEq/litre and serum chlorides 100 mEq/litre. The 
faeces contained neither ova nor parasites. No abnor- 
mality was seen in a radiograph of the skull. A diagnosis 
of an adrenaline secreting intrathoracic neuroblastoma 
was made and the child was kept under observation in 
order to assess the extent of functional activity of the 
tumour, its daily variation and to assess factors promot- 
ing safe removal of the tumour. During this period of 
observation the child’s temperature rose to 100° F. 
intermittently, the resting pulse rate varied between 
100 and 140 per minute and the blood pressure between 
95/50 mm. Hg and 125/65 mm. Hg. She did not appear 
to be more distressed one day than another, gave no 
indication of any extrinsic factor causing elevation of the 
blood pressure and generally the clinical impression 
was reached that adrenaline secretion was at a constant 
level. For most of the time the child lay in her cot 
apathetic and uncomplaining, always perspiring and at 
times quite profusely. 


Urinary Assay of Catecholamines. The screening test 
suggested by Hingerty (1957) for catecholamines in urine 
was positive on three occasions. Visual compar son 
showed a urinary catecholamine excretion of 600 -g./ 
24 hours and 1,140 ug./24 hours (expressed as 0I- 
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Fic. 1.—Radiograph of the chest immediately before operation. 
The tumour lies behind the heart shadow. 


adrenaline) on two consecutive days. In adults the 
normal excretion of catecholamines is below 185 ug./24 
hours. Mr. B. A. Callingham of the School of Pharmacy 
assayed the urinary pressor amines in a 24 hours’ 
collection of urine and showed them to be 326 ug./ 
24 hours (70% of the pressor amines were present as 
noradrenaline). 


Operation. The child was 3 years and 10 months 
at the time of operation. She was premedicated with 
chlorpromazine 13-0 mg., promethazine 13-0 mg., 
pethidine 50 mg. and atropine 1/100 grain. Scoline 50 mg. 
intre muscularly was followed by oral intubation and 
anaesthesia maintained by nitrous oxide, oxygen and 
tuba-ine. Barbiturates were not used at any stage. 

A curved incision was made over the tumour. The 
llth and 12th left ribs with periosteum and the tissues 
in t e intercostal space were mobilized intact and the 
pleu al cavity opened. An extension of the tumour 
into the erector spinae muscle was mobilized and the 
firm lobulated main tumour, lightly adherent to the 
vert oral body, was dissected out. Its exact relation- 
shir to the sympathetic chain could not be identified, 
nor as it possible to be certain of the amount of residual 
tum ur in the nerve filaments leaving the intervertebral 
spac s adjacent to the tumour. It did, however, seem 
cert n that there was no intrathecal extension. The 
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Fic. 2.—High penetration view to show erosion of posterior ends of 
11th and 12th left ribs. 


lower lobe of the lung was normal. The left kidney 
was not examined. The tumour, most of the IIth 
rib and the whole of the 12th rib were removed. The 
pleural cavity was closed without drainage by suture of 
the diaphragm to the 11th rib remnant. The blood 
pressure fluctuations during the operation are shown 
in the accompanying chart (Fig. 3). During the opera- 
tion 360 ml. of whole blood were transfused. Within 
24 hours of the operation the blood pressure became 
constant at 100/50 mm. Hg and the sweating ceased. 
Before the 10th day after operation the child had started 
to take more interest. On the 12th day Hingerty’s 
screening test for urinary catecholamines was negative 
and biological assay confirmed a normal excretion of 
noradrenaline. The child progressed satisfactorily. 


Pathology of Tumour. The tumour was examined 
in detail by Dr. D. F. Barrowcliff who reports: 

‘A coarsely lobulated tumour weighing 125 grams 
and measuring 7 x 7 x 4m. (Fig. 4). The sulci are 
deep (up to 1 cm. in places). Two pieces of rib 3-5 cm. 
long are attached to one pole. Growth does not appear 
to invade ribs or intercostal muscles. The cut surface 
shows radial striations, is mostly pale fawn or grey, but 
is flecked with tiny spots of bright yellow material. The 


consistency to the cutting knife is moderately firm and 
in places gritty. 
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Fic. 3.—Chart of blood pressure fluctuation during operation. 


MILLIMETRES 


Fic. 4.—Cut surface of tumour. Portions of 11th and 12th ribs are 
attached to the tumour. 


‘Most of the tissue was fixed in formol-saline, the rest 
in Orth’s fluid. 

‘Sections from a total of 20 blocks were examined. 

‘Representative slides were stained with haematoxylin 
and eosin, van Gieson, von Kossa, silver impregnation, 
periodic acid Schiff and toluidine blue. 

‘All sections show bundles or whorls of nerve fibrils 
which in a few places are closely packed, orderly and 
regular and studded with adult ganglion cells, resembling 
a ganglio-neuroma (Fig. 5). In most areas the nerve 
fibres are loosely arranged in irregular bands, and these 
bands enmesh groups or sheets of cells which vary 
from small darkly staining sympathogonia to large, 
nearly mature ganglion cells (Fig. 6). 

‘The last-named have a large nucleus measuring 
approximately 30 uw in diameter, with a prominent 
nucleolus and a radially-arranged chromatin network. 
Binucleate forms are not uncommon; many of the nuclei 
are eccentrically or peripherally placed. The cytoplasm 
is finely granular with a homogeneous ground-glass 
appearance. A few of the more mature forms show 
Nissl’s granules. 

‘The cell which is considered to be intermediate 
between the sympathogonia and the mature ganglion cell 
is shown in Fig. 7. This is polygonal, has a finely 
eosinophilic cytoplasm, and a nucleus with a well- 
formed nuclear membrane. Amongst these lie smaller 
cells, some of which show a coarsely granular yellowish- 
brown pigment in their cytoplasm. Such chrome- 
positive cells are uncommon. When present they tend 
to occur amongst the less differentiated elements, one 
being found amongst the mature ganglion cells. Nvigh- 
bouring nerve fibrils are sometimes similarly sta’ned, 
though more faintly. 

These intermediate cells occur in the largest foci, 
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often extending in solid sheets over several microscopic 
fields. The centres of such sheets may very rarely show 
necrosis. More common are islands of faintly calcified 
amorphous or crystalline material, apparently lying 
haphazardly throughout the tumour, but being found 
more often in areas where the more mature cell pre- 
dominates. 

‘In a few areas only the tissue is composed almost 
entirely of masses of darkly staining small round cells, 
sometimes showing a peritheliomatous arrangement or 
forming the characteristic rosette of a neuroblastoma 
(Fig. 8). Frequently they are found, in small groups, 
intimately mixed with the intermediate cell or with the 
chrome-positive variety. 

‘Although the intermediate cell might be considered 
to be a phaeochromoblast, or precursor of the phaeo- 
chromocyte, the failure to demonstrate any chrome- 
positive material in such sheets of cells, perhaps coupled 
with the small total quantity of noradrenaline extracted 
from a tumour which consists mainly of such cells, is 
against such hypothesis. Further, the development of 
such intermediate cells into mature ganglion cells can 
be seen from a study of several areas of the tumour, 
whereas no mature phaeochromocytes can be identified.’ 


Assay of Catecholoamines in the Tumour. Acid 
extraction of the tumour and alumina absorption of 


catecholoamines showed a concentration of 235 ug./g. 
of tumour by biological assay. 


Subsequent Progress. Fifteen months after operation, 
the child was well. There was no sweating, blood 
pressure was 100/50 mm. Hg and the Hingerty test was 
negative. There was no evidence of secondary deposits 
from the tumour. 


Discussion 


In attributing functional activity to this neuro- 
blastoma a number of factual points must be con- 
sidered. Unless a tumour such as this is examined 
by serial section in its entirety its total cell content 
remains questionable. Gradations between the 
normally functionless neuroblastoma and the fully 
differentiated ganglioneuroma are, of course, not 
unusual, and are reported by various authors as 
ganglioneuroblastomas; this would, perhaps, be a 
more accurate designation of the tumour we des- 
cribe. Reference may be made to Russell and 
Rubinstein (1959) for current opinion on differen- 
tiation and functional activity in nerve tissue 
tumours. These authors stated that progress by 
cellular differentiation to a phaeochromocytora in 
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th: neuroblastomas was rare, but had been recog- 
ni-ed since Wahl’s (1914) report; they also mention- 
ed the paper by Fernando, Cooray and Thanabala- 
suidram (1951) describing neuroblastic elements in 
a functionally active phaeochromocytoma.. In 
adtition they stated that in the case of Mason et al. 
(1¢57) the portion of the tumour used to confirm the 
presence of pressor amines might possibly have 
been the portion containing phaeochromocytes. 
Describing three patients with noradrenaline secret- 
ing neuroblastomas, Isaacs, Medalie and Politzer 
(1959) concluded that neuroblasts themselves were 
responsible for the secretion of catecholamines or 
for the hyperstimulation of normal chromaffin 
tissue, and that if the former was acceptable it 
implied that chromaffin tissue was not essential for 
the production of catecholamines. The potential 
complexity of the cell content of any tumour 
originating from the primitive neural crest must 
inevitably make classification difficult, although it is 
easy to understand how more than one element can 
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be represented. The tumour reported here is of 
interest clinically inasmuch as, although it behaves 
as a phaeochromocytoma, it is essentially a malig- 
nant ganglioneuroblastoma. Only to this extent 
can this report add information on the origin of the 
catecholamine secretion. Endless speculation is 
possible on the findings in this patient, and we shall 
discuss only two points. First, reasons for the 
fact that catecholamine secretion in neuroblastomas 
has only recently been recognized and second the 
bearing of functional activity on the prognosis. 

A likely reason for Mason’s et al. (1957) case 
being the first reported is that the biological assay 
of catecholamines is itself a recent introduction 
and that previously no method was available to 
detect functional activity had this been suspected. 
However, it does seem odd that in the 44 personal 
cases of neuroblastoma described by Koop, 
Kiesewetter and Horn (1955), the 80 cases reviewed 
by Ware (1956) and the 22 personal cases of intra- 
thoracic neuroblastoma and ganglioneuroblastoma 
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reported by Schweisguth, Mathey, Renault and 
Binet (1959), neither elevation of the blood pressure 
nor excessive sweating is recorded in a single 
instance. If the condition is so uncommon it seems 
difficult to explain the reporting of a number of 
cases, including the present one, since 1957. 

It seems safe to assume that functional activity 
has existed without being recognized, notably in 
the patient described by Alexander (1951) in which 
a brilliant result was obtained from operative 
removal of the neuroblastoma. The patient, a 
3-month-old boy, was admitted to hospital in 1948. 
Profuse sweating was the only symptom. A radio- 
graph of the chest revealed a shadow in the left 
lower zone. The tumour, reported as a highly 
cellular malignant growth arising from the sym- 
pathetic nervous system, was removed shortly 
after the infant’s admission to hospital. He was 
free of symptoms on discharge from hospital one 
month after operation. James Thomson of Dundee, 
who originally referred the patient for surgery, 
has let us know the child’s present condition 
(Thomson, 1960). The boy is now aged 11, has 
no recurrence of the tumour nor of the excessive 
sweating, and the blood pressure is 125/70 mm. Hg. 
The history, type of tumour and abrupt cessation 
of sweating after operation suggest the tumour 
was functionally active at the time of operation. 
An interesting, and possibly confirmatory, feature 
is that the tumour was in the same position in the 
thorax, namely the left lower zone, as in the case 
described by Mason ef al. (1957) and our own. 
These three chest films, in fact, bear a striking 
resemblance to each other. In contrast, in the 
22 cases reported by Schweisguth ef al. (1959), in 
which no functional activity was present, none of 
the tumours they described was situated in this 
position in the thorax. Reverting to reasons for 
the recent recognition of functional activity in 
neuroblastomas, it is possible that this activity 
may be temporary and occurs only during a phase 
of the tumour’s maturation. Thus it would be 
possible to explain the failure in the past to record 
excessive sweating over a number of years as a 
symptom. In modern practice sweating would be 
regarded as an indication for estimation of cate- 
cholamine levels in the blood and urine and func- 
tional activity would be confirmed by this method. 
Persistent pyrexia was recorded by Ware (1956) 
in 13 of the 80 cases recorded and in some of these 
activity may have existed, though sweating was not 
specifically described. It is difficult to imagine such 
gross symptoms arising from the presence of the 
tumour, as in our case, continuing till death and 
not being remarked upon if this functional activity 


once established does, in fact, continue to the ti ne 
of the patient’s death. On the grounds of he 
neuroblastoma’s known tendency to revert tow: rd 
the fully differentiated and, as far as is knovn, 
functionless ganglioneuroma, we postulate iis 
reversion occurring spontaneously in the type of 
neuroblastoma under discussion, as part of he 
natural history of the tumour and that conceiva ‘ily 
some of these tumours become symptoml:ss 
ganglioneuromas of adult life. (This hypothesis: is 
strengthened by the fact that although the prognc sis 
appears unfavourable, the active neuroblastonias 
surgically removed have progressed well after ope.a- 
tion.) Koop et al. (1955) considered the progncsis 
was good if the patient survived 14 months after 
excision of a neuroblastoma. 

No patient living this period after operation 
subsequently died. Each of the _ intrathoracic 
adrenaline secreting neuroblastomas recorded 
(Alexander, 1951; Mason et al., 1957; and the 
present case) have all survived this period in normal 
health. We take this to indicate that the tumour 
may be undergoing spontaneous reversion to the 
fully differentiated benign state during the period 
before operation, and had these children been 
observed over a longer period, functional activity 
might have ceased spontaneously. We mention 
this as a hypothetical possibility to explain certain 
features and not as a method of treating the disease. 
An explanation such as this may be a tortuous way 
of stating that a predominantly malignant tumour 
is more likely to exhibit functional activity than one 
predominately benign and fully differentiated, 
namely the ganglioneuroma. Greenberg and 
Gardner (1959) have reported a patient from whom 
a ganglioneuroma was removed. Before operation 
148 ug. of neoepinephrine and 3-6 ug. epinephrine 
were present in the urine in a 24-hour period. 
After removal of the tumour the values fell to 17:1 
ug. and 0-65 wg. respectively. (Such evidence 
complicates the hypothesis we put forward, but it 
could be argued that the urinary values of catechol- 
amines were relatively low because the tumour was 
benign.) Until more facts become available, 
reasons for failing to recognize excessive sweating 
and raised blood pressure in certain non-chromaffin 
nerve tissue tumours before the description by 
Mason et al. (1957), must remain in doubt. There 
are so few cases of this disease reported that a !ate 
prognosis based on these reports must be uncon- 
vincing. In addition to the remote prognosis, 
operative removal of the tumour is likely to be more 
hazardous if the urine is found to contain raised 
levels of free pressor amines. Mason et al. (1°57) 
described the methods they used to influence suc den 
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fl. ctuations of blood pressure during and immedi- 
at:ly following operation. A similar routine was 
us:d in our case, except that our patient was not 
disitalized before operation. We can find no 
re erence to unexplained death during operation on 
children with neuroblastoma and it is possible 
therefore, excretion of pressor amines notwith- 
standing, that the risks of operation are not 
materially increased. By contrast, removal of a 
phaeochromocytoma, accompanied usually by very 
much higher blood levels of pressor amines, is a 
grave undertaking. This difference can be explained 
by the different pressor amine content of the two 
types of tumour. The Hingerty (1957) test is a 
most useful test for the screening of these infants; 
it is speedy and sensitive. Sandler and Ruthven 
(1959) have shown that the urinary excretion of 
vanylmandelic acid (V.M.A.) is raised in patients 
with adrenaline secreting tumours and that the 
urinary V.M.A. determinations represent a more 
reliable method for ascertaining the presence of an 
adrenaline secreting tumour. 


Summary 
The clinical findings in a child with an intra- 
thoracic neuroblastoma associated with excessive 
secretion of catecholamines are described. Reasons 
for the activity in such tumours being only recently 
recognized and the prognosis are briefly discussed. 


Details of the pathology of the tumour are 
presented. 


We should like to thank Mr. B. A. Callingham of 
the London School of Pharmacy, Dr. D. R. Rigg who 
anaesthetized the child, and Dr. D. F. Barrowcliff for 
details of the pathology of the tumour. Mr. T. Skuse 
and Mr. L. Hine of the Central Pathological Laboratory, 
Warwick, prepared and photographed the specimen. 
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A FAMILIAL TUBULAR ABSORPTION DEFECT OF 
GLUCOSE AND AMINO ACIDS* 


BY 


WILFRID SHELDON, JOSEPH LUDER and BRIAN WEBB 
From King’s College Hospital and the Hospital for Sick Children, Great Ormond Street, London 


(RECEIVED FOR PUBLICATION NOVEMBER 30, 1959) 


The above title was used (Luder and Sheldon, 
1955) to describe a family in which a renal tubular 
reabsorption defect involving glucose and amino 
acids appeared in three successive generations 
(female twins then aged 5, their father and his 
father). The purpose of this communication is to 
correct the impression given in the previous paper, 
to report some further investigations and to discuss 
the management of these cases in the light of recent 
treatment. 

In the case of the grandfather, who was known 
to have had renal glycosuria for many years, an 
amino acid leak could not be demonstrated because 
the necessary technique was not known during his 
lifetime. But its existence is strongly suggested 
because he was very short and thin (weighing 98 Ib.), 
and had an unexplained osteoporosis of his verte- 
brae. 

This family thus provides strong evidence of a 
combined renal tubular reabsorption defect trans- 
mitted as a Mendelian dominant, a point of con- 
siderable interest to which we shall return later. 

In 1955 a third daughter was born. Her urine 
was free of reducing substances and showed a normal 
amino-acid chromatogram, so that she did not suffer 
from the disease that affected her twin sisters. She 
died at 4 years of age from tuberose sclerosis, the 
autopsy also showing multiple hamartomata in the 
heart and kidneys and nephrocalcinosis. We are 
grateful to Dr. Darmady for microdissecting the 
kidneys; the ‘swan’s neck’ deformity of the proximal 
tubule, as described in the de Toni-Fanconi 
syndrome, was not present. 

The family were discovered because one twin 
(Lindsay) had been brought for advice regarding 
thirst and poor growth. She was found to be 
nearly 5 in. shorter than the other twin (Glynis) and 
this was attributed to a greater amino acid leak, 
although the blood group findings showed almost 
conclusively that the twins were uniovular. Neither 


* Reporting the development of a tubular phosphate leak in a 
family previously described in this journal in 1955 (vol. 30. p. 160). 
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twin showed any radiological evidence of rickets, 
and their serum phosphorus levels were 4-2 mg. % 
(Lindsay) and 5 mg. % (Glynis). These levels were 
considered normal, and the possibility of a tubular 
phosphate leak was not further pursued. 

Both children had raised serum alkaline phospha- 
tase levels ((Lindsay) 31-9 King Armstrong units 
and (Glynis) 27-2 King Armstrong units), but in 
the absence of clinical or radiological rickets and in 
view of the normal phosphorus levels, the raised 
phosphatase levels were tentatively attributed to a 
disturbance of liver function, rather than being 
regarded as a warning of potential rickets. The 
subsequent history of the children shows this view 
to have been incorrect, for when they were seen after 
an interval of three years the smaller twin had 
developed rickets, and the serum alkaline phos- 
phatase had risen from 31-9 to 83 King Armstrong 
units; the other child still showed no rickets and the 
phosphatase level was unchanged. In both we 
have now been able to demonstrate a renal tubular 
defect of phosphate reabsorption and an acidosis 
of renal tubular origin. 


Summary of History and Previous Findings 


The twins, although apparently uniovular, were o 
different birth weights, Lindsay weighing 4 lb. 15 oz. 
and Glynis 5 lb. 15 oz. The smaller twin was seen at 
the age of 5 years because of stunting, thirst and poor 
appetite. Her height was 36 in., weight 23 lb. 14 oz. 
(both below the 3rd percentile), but no other physical 
abnormalities were present in any system, including the 
skeleton. The skeletal age was 3 to 3} years. Blood 
chemical findings were normal except for the raised 
alkaline phosphatase, already mentioned. The only ab- 
normal findings were in the urine, which contained an 
excess of many amino acids in a typical ‘renal tubular’ 
pattern, a small amount of protein and an excess of glu- 
cose. 

The other twin, who was taller and heavier showed 
similar chemical findings, though the excretion of amino 
acids and glucose was rather less. 

The father was tall and well built and excreted glucose 
and amino acids, but in slightly smaller amounts thar 
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the twins. He had a serum phosphorus level of 3-2 
mg.%. No radiological abnormality was seen in the 
bones, and the serum alkaline phosphatase level was 
normal (10 units % King Armstrong). 


Lindsay 

The smaller twin was not seen from 1954 until 1957 
when, at the age of 8? years, she was brought on account 
of gradually increasing genu valgum. Although active 
and alert, she was very small for her age, measuring 42 
in. (107 cm.) in height and weighing 33 lb. (15 kg.). 
The degree of genu valgum was such that with the knees 
touching, the medial malleoli were 43 in. (12 cm.) apart, 
but there were no clinical signs of rickets. Radiological 
examination, however, showed typical rachitic changes at 
the ends of the long bones, and the bone age was re- 
tarded to 5 to 6 years. The heart was normal; blood 
pressure 115/75 mm. Hg. The other systems were 
normal and the urine contained a variable amount of 
protein and, as on the previous occasions, both glucose 
and amino acids, the amino acid chromotogram being 
very similar to that seen in other types of renal tubular 
defect. There were no Kayser-Fleischer rings and no 
cystine crystals in the corneae. 


Blood chemistry. Analysis revealed calcium 9-5 
mg.% : inorganic phosphorus 3-0 mg.%: alkaline phos- 
phatase 83 King Armstrong units %: urea 37 mg.%: 
sodium 148 mEq/litre: potassium 3-8 mEq/litre: chloride 
112 mEq/litre: bicarbonate 17 mEq/litre. 


Renal investigations. 


Aciposis Stress Test. (1). This was carried out in July, 
1958. The pH of urine before the test was 7-0 and 6-72. 
Ammonium chloride 6 mEq/kg./24 hr. was given in six- 
hourly doses for 48 hours. Urinary pH levels were then 
as follows: after 16 hours, 6-42; after 22 hours, 5-14; 
after 40 hours, 4-82. Plasma bicarbonate after 38 hours 
was 10 mEq/litre. 

Aciposis Stress Test. (2). This was carried out in 
November, 1958 using the technique described above. 
The results tabulated below show the levels at six-hourly 
intervals after the test dose. 


- Urinary Ammonia N. 
pH. (mg./24 hr.) 
6-56 49 
5-14 78 
5-16 716 
5-52 70 
5-76 74 


Blood pH before test was 7:26 and 48 hours after test 
dose, 7°28. 

UREA CLEARANCE. This revealed 34-6 ml./min./1-73 
m.* or 63% average standard normal; blood urea, 50 
mg.%. 

GLOMERULAR FILTRATION RATE. This was 120 
ni./min./1-73 about 65% of normal. 

PHOSPHATE CLEARANCE (endogenous). This was at 
1 rate of 63 ml./min. 

PHOSPHATE REABSORPTION. This was estimated by the 
nethod described by Anderson (1955) and showed the 
following results: 

October, 1957, TmP=2-2 mg./min./1-73 m.? and in 


November, 1958, TmP=2-15 mg./min./1-73 
(Normal 4-0—4-5 mg./min./1-73 m.*.) 
INTRAVENOUS PYELOGRAM. Both kidneys excreted a 
poor concentration of dye, but structural abnormalities 
could be excluded. 


Glynis 

The larger of the twins, Glynis was reinvestigated 
when just 9 years old. Like her sister she was an active 
and alert child, her height being 48}? in. (124 cm.) and 
her weight 46 Ib. (20-8 kg.). The urinary findings were 
similar to those of her twin. Clinical examination was 
normal, there was no radiological evidence of rickets, 
and the bone age was normal. Slit-lamp examination of 
the corneae showed no cystine crystals. 


Blood chemistry. Analysis revealed calcium 9-9 
mg.% ; phosphorus 2:5 mg. %; alkaline phosphatase 30 
King Armstrong units %; urea 30 mg.%; sodium 152 
mEgq/litre; potassium 3-9 mEgq/litre; chloride 106 
mEgq/litre; bicarbonate 20 mEq/litre. 


Renal investigations. 

Aciposis Stress Test. (details as for Lindsay). 
Urinary pH before test was 6-84 and 6-56. Urinary 
PH level after 16 hours, was 4-68; after 22 hours, 4-82; and 
after 40 hours, 4-68. Plasma bicarbonate after 38 hours, 
was 13 mEq/litre. 

PHOSPHATE REABSORPTION. 
3-6 mg./min./1-73 m.?. 

INTRAVENOUS PYELOGRAM. The excretion of dye was 
good and equal on both sides. The appearances were 
normal. 


In January, TmP= 


Urinary Protein Electrophoresis 

It has been shown by Butler and Flynn (1958) that 
electrophoresis of the urinary protein in renal tubular 
disorders tends to show a distinctive pattern, characterized 
by a relatively high content of «, globulin and sometimes 
of 8 globulins as well, especially when the proteinuria 
exceeds a level of about 15 mg./100 ml. We are indebted 
to Dr. Flynn for investigating this point in both twins 
and their father. 

The total urinary protein in the father was 40 mg./100 
ml.; in Glynis it was 20 mg./100 ml. and in Lindsay 
10 mg./100 ml. In all three the electrophoretic pattern 
was examined by Dr. Flynn, who reported it as being 
typical of renal tubular disease. Electrophoresis of the 
serum proteins in both twins showed a pattern normal 
for their age. 


Treatment and Subsequent Progress 

Lindsay. It was decided to try to control the genu 
valgum with walking calipers, while treating the rickets 
with vitamin D. The dose was initially 25,000 I.U. daily. 
After a week, some radiological improvement was evident 
at the wrist and the serum phosphatase level had fallen 
from 83 to 61 King Armstrong units. After two months, 
the level was 69 King Armstrong units. At this point 
the dose of vitamin D was increased to 50,000 units 
daily and was maintained for four months. She was 
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also given an inorganic phosphate mixture by mouth, 
made up of NaH,PO, H.O., 2:1 g. and Na,HPO, 12 
H,O., 30-0 g. plus water to 1,000 ml. The dose was 
500 ml. daily (providing 14 g. phosphorus daily). 

After four months had elapsed, she was re-examined, 
and was found to have grown 2 inches. Genu valgum 
had lessened, and serum alkaline phosphatase had fallen 
to 40 King Armstrong units. Radiographs of the wrists 
some weeks earlier showed continuing improvement in 
the rickets. The plasma phosphorus however was still 
2:5 mg.%. She was then changed to another phosphate 
mixture, made up of NaH,PO,. 4H,O., 78 g.; water to 
950 ml.; SN NaOH to 1,000 ml. (pH now 7:0). The 
dose was 40 mil. t.d.s. 

This was continued for a further seven months and 
then stopped; at the same time, the daily vitamin D 
dose was progressively increased to 60,000 I.U., 75,000 
1.U. and finally 90,000 I.U. over the next year. 

During this period radiological healing of the rickets 
occurred and has been maintained until the present time 
(see Fig. 1). The genu valgum also disappeared. The 
child has continued to grow and gain weight (during 
the 18 months of treatment she grew 4 in. and gained 
5 Ib.). The serum alkaline phosphatase, early in the 
treatment, had fallen to 25 King Armstrong units, and 
now fluctuates between 35 and 45 King Armstrong units. 
The plasma phosphorus has varied between 2:8 mg.% 
and 3-5 mg.%, in general remaining stable throughout 
the period (Fig. 2). In spite of the high doses of vitamin 
D the serum calcium has remained normal. The blood 
urea has shown a tendency to rise, the most recent figure 
being 44 mg.% while no appreciable change has occurred 
in the sodium, potassium, bicarbonate, or chloride levels. 


Glynis. Bearing in mind our experience with Lindsay, 
we decided to treat Glynis with an oral phosphate mixture 
with the object of preventing the onset of rickets, which 
in view of her raised serum alkaline phosphatase level 


a 


FIG. 1.—Radiograph showing Lindsay’s left knee; (a) August 29, 
1957 (b) June 9, 1958. 


seemed imminent. We also hoped to gauge the effec: 
of this treatment by its influence on the phosphatase level 

She was given the first inorganic phosphate mixture 
(see above) for three months, by which time her serum 
phosphorus level was 3-5 mg.% and phosphatase level 
26 King Armstrong units. She was then switched to 
the second mixture for a further three months. At the 
end of this period there was no detectable change in the 
child; the serum phosphorus was 3-8 mg.%, and phos- 
phatase 32 King Armstrong units. The treatment had 
exerted no effect on the serum phosphatase level. 

Phosphate treatment was then stopped and vitamin 
D was given in a daily dose of 25,000 units for five 
months. At the end of this time the serum phosphorus 
was 2-8 mg. %, having at one time reached 4-6 mg.% and 
the alkaline phosphatase had fallen to 23 King Armstrong 
units. Serum calcium remained normal. During the 
next three months the vitamin D was gradually raised to 
50,000 units daily, but the phosphatase level after this 
course was still 27 King Armstrong units, and serum 
phosphorus 3-9 mg.% (see Fig. 3). No sign of rickets 
has appeared. 


Discussion 


It is now apparent that additional tubular dis- 
turbances are present in both twins, who were 
formerly thought to show leaks of amino acids and 
sugars only. These are (a) a phosphate leak (b) a 
defect in ammonia formation and possibly in H ion 
exchange. 

This development raises several questions: (1) Are 
these tubular disturbances part of the original 
hereditary tubular reabsorption defect? (2) If so, 
why was their appearance so delayed? (3) Why 
has one twin developed rickets already, whilst the 
other has so far failed to do so? 

The fact that serum phosphorus levels were 
normal at the age of 5 years is evidence against the 
existence of tubular phosphate leaks at that time. 
These must, therefore, have developed between the 
ages of 5 and 8 years, whilst the other leaks were 
probably congenital, to judge from the failure to 
thrive and the symptoms of thirst which dated from 
an early age. Such a delayed appearance of one 
of a number of tubular leaks is unusual, though not 
unknown. We have examined the records of 18 
cases of low phosphate rickets, with or without 
other tubular leaks, seen at Great Ormond Street in 
recent years, and in no case could it be shown that 
the development of the various tubular leaks was 
separated in time. The first estimation of serum phos- 
phorus was performed in all the cases before the age 
of 3 years, and in the majority before the age of 18 
months. In all cases the level was abnormally 
low at the first estimation and continued to remain 
low thereafter. Nor have we any personal experi 
ence of the consecutive appearance of other leaks 
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LINDSAY 


SERUM ALKALINE PHOSPHATASE 


DATE (MONTHS) 


1957 1958 1959 
80 
70 
8 
60 
R 
4 
a 
40 2 z 
ALKALINE PHOSPHATASE z 
30 
VITAMIN D 
1.U. DAILY (THOUSANDS) 
PHOSPHORUS 
ORAL PHOSPHATE Dany 


Fic. 2.—Lindsay; serum alkaline phosphatase and serum phosphorus levels during treatment with vitamin D and oral phosphate. 


SERUM ALKALINE PHOSPHATASE 


(K—A UNITS) 


GLYNIS 
DATE (MONTHS) 
1957 1958 1959 
io tt 12 | 2 3 4 5 6 7 8 9 10 i 12 | 2 3 a 5 6 7 8 
2 
4 
\ 


SERUM PHOSPHORUS (mg. / 100 mi.) 


VITAMIN 25 — 37-5 — 10 


DAILY (THOUSANDS) 
ORAL PHOSPHATE <!°5g. PHOSPHORUS-_, 


3. 


DANY 
Glynis; serum alkaline phosphatase and serum phosphorus levels during treatment with vitamin D and oral phosphate. 
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in cases of inherited renal tubular defects, though, 
of course, it is well known that the clinical manifes- 
tations arising from these leaks may be delayed for 
a considerable time. The other possible origin of 
the phosphate leak is from acquired damage to the 
renal tubules. Tubular reabsorptive defects can, 
of course, result from damage to the tubules by 
disease processes, infective, degenerative or toxic, 
or from lack of an essential substance. Thus pyelo- 
nephritis and chronic nephritis may result in leaks 
of sodium, chloride, potassium, amino acids, 
phosphate, glucose, bicarbonate and water. Toxins 
that may cause various leaks include lead, uranium, 
phloridzin and phenol compounds. In metabolic 
disorders such as Wilson’s disease and galactosaemia, 
tubular amino-aciduria also occurs in the early 
years of life, presumably due to the toxic effects on 
the tubules of copper and galactose respectively. 
Vitamin D deficiency may cause a fall in phosphate 
reabsorption, and anti-diuretic hormone deficiency 
causes a water leak. In the absence of any history or 
urinary findings suggestive of kidney disease, the pos- 
sibility must be considered that the damage has been 
caused by the long-standing amino acid leak, especi- 
ally the essential amino acids. It had previously 
seemed likely to us that this constant depletion 
accounted for the dwarfing of one of the twins. 
Any kidney damage of this nature is likely to affect 
glomeruli as well as tubules, and it may be significant 
that the blood urea of the rachitic twin has tended 
to rise since 1954. The other renal function tests, 
namely the urea clearance, glomerular filtration rate 
and intravenous pyelogram all show evidence of 
diminished glomerular efficiency. The acidosis 
stress tests also indicate impaired ability to acidify 
the urine after a load of an acid salt. The other 
twin, Glynis, who had a lower amino acid excretion 
in 1954, is less dwarfed, has a better phosphate 
reabsorption (though still abnormally low) and her 
glomerular function tests are normal. 

The tests of ability to acidify the urine after doses 
of ammonium chloride indicated considerable im- 
pairment in the case of Lindsay, particularly in the 
second test (November, 1958). Her plasma bi- 
carbonate concentration and blood pH were both 
low before the test, and the test showed that the 
power to form ammonia was much decreased. In 
the case of Glynis the results were less striking, but 
her plasma bicarbonate concentration was slightly 
low before the test and fell considerably during it. 
Lindsay therefore has an acidosis and Glynis an 
‘incipient’ acidosis, due to a defect in the tubular 
mechanism for H ion exchange and ammonia 
formation. It is conceivable that these tubular 
disturbances could be explained by the effects 


of the original amino acid leak, though it must 
be confessed that there are strong arguments 
to the contrary. The total loss of amino acids in 
the urine in these cases is small compared with the 
dietary intake and is unlikely to have any adverse 
clinical effects unless it comprises mainly the ‘essen- 
tial’ amino acids (Dent and Walshe, 1954), These 
are certainly present in the urine of our cases, but 
not in gross excess compared to other amino acids. 
It would also be difficult to explain why the effect 
of amino acid leak is greatest upon the mechanisms 
for phosphate reabsorption and ammonia formation, 
whilst other electrolytes and water continue to be 
reabsorbed normally. The question of aetiology 
must therefore be considered an open one. 

It should also be noted that a phosphate leak 
and radiological rickets do not run pari passu, and 
in fact the phosphate leak may precede the rickets 
by a matter of years. Thus the larger twin, Glynis, 
was shown to have a low blood phosphorus level and 
a diminished tubular phosphate reabsorption in 
January, 1958 and it is not possible to say how long 
before that they had been abnormal; however, no 
rickets was present, nor has it developed since. 
Again, one of the Great Ormond Street cases, noted 
previously, was found to have a low serum phospho- 
rus level (2:7 mg./100 ml.) at the age of 14 years, 
but she remained free of rickets until she was 44 
years old. During this period the serum alkaline 
phosphatase level remained normal. The reason 
for the delayed appearance of rickets is not clear, 
but may depend first on the degree of phosphate leak, 
and secondly, as in the development of true renal 
rickets, on the rate of growth of bone, being more 
likely at times of rapid growth. This, in turn, 
will depend on many other factors apart from 
tubular leaks. 

Nevertheless, apart from the larger twin men- 
tioned in this paper, we know of no other case in 
which a tubular phosphate leak, once demonstrated 
in a child, has not been followed in a shorter or 
longer time by rickets and it should, therefore, be 
regarded as a definite warning. We are less certain 
of the value of the serum alkaline phosphatase in 
this connexion. Several of the Great Ormond 
Street cases already quoted (including the child 
mentioned above) had normal phosphatase levels 
during the period preceding and even during the 
development of rickets. In most of the cases, how- 
ever, the level was elevated and remained so even 
after the rickets was healed. It seems, there- 
fore, that in children with a tubular absorption 
defect for phosphorus, the serum alkaline phos- 
phatase is a poor guide of the imminence of rickets, 
and also of its cure under vitamin D therapy. This 
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is in contrast to the situation in vitamin D deficiency 
rickets, in which a rise of serum alkaline phosphatase 
's an early and certain diagnostic indication, and 
in early fall of serum alkaline phosphatase a good 
ndication of cure. 

The treatment used in our cases was influenced by 
a report by Fraser, Jaco, Yendt, Munn and Liu 
(1957) that healing of vitamin D-resistant rickets 
could be demonstrated within a few days of setting 
up a continuous intravenous infusion of an isotonic 
sodium phosphate solution at a rate sufficient to 
maintain the serum inorganic phosphorus level above 
5 mg./100 ml., without recourse to vitamin D 
therapy. A reversion to active rickets took place 
when the infusion was discontinued. The beneficial 
effect of this experimental therapy was due to a 
temporary restoration of the serum phosphorus to a 
normal level. Theoretically, if sufficient phosphorus 
could be fed by mouth and absorbed to achieve a 
normal serum phosphorus level, a comparable 
benefit to the rachitic process should be achieved, 
although against a background of renal tubular 
wastage of phosphorus, this possibility seemed re- 
mote. This has unfortunately proved to be the 
case. The smaller twin, Lindsay, began to heal her 
rickets on vitamin D alone and this process con- 
tinued after she began her oral phosphate solution. 
In spite of this healing, however, her serum phos- 
phorus level remained abnormally low. After the 
phosphate solution was discontinued in October, 
1958, her rickets has remained healed under the 
influence of a large dose of vitamin D and her 
serum phosphorus level is unchanged. 

Glynis was started on the oral phosphate solution 
alone, without vitamin D, as a prophylactic measure 
after a tubular phosphate leak and a raised serum 
alkaline phosphatase level had been demonstrated. 
It was hoped at that time to gauge the effect of 
the treatment by the alkaline phosphatase level, 
but we now realize that in the type of endogenous 
rickets with which we were dealing the phosphatase 
level is of much less value for this purpose than it is 


in vitamin D deficiency rickets. Her serum phos- 
phorus and alkaline phosphatase levels did not 
alter materially during this treatment or during 
subsequent treatment with vitamin D alone. 

Though neither case was a wholly clear-cut 
experiment, we have concluded that oral phosphate 
solutions in the doses used were without effect, and 
that the healing of rickets in the rachitic twin was 
due to the influence of vitamin D alone. 

This family also demonstrates another point of 
unique interest, namely the dominant inheritance of 
this multiple renal tubular defect. Most other 
renal tubular defects are inherited by recessive, 
incomplete recessive or sex-linked mechanisms and 
the only other example of a tubular defect inherited 
by dominant autosomal means is renal glycosuria. 


Summary 

The development of a renal tubular phosphate 
leak and an acidosis is described in twins who were 
reported in 1955 to leak glucose and amino acids 
only. 

The possible aetiology of these fresh tubular 
disturbances is discussed. The consequent rickets 
in one twin has healed under treatment with large 
doses of vitamin D, while oral phosphate solution 
has been ineffective. The dominant mode of in- 
heritance of this condition is most unusual. 


We wish to record our thanks to Professor C. H. Gray 
and Professor C. E. Dent for their help and advice; to 
Dr. M. Rinsler for estimating the phosphorus Tm; and 
to Dr. F. V. Flynn for the electrophoretic study of the 
urinary protein. 
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It is well established that the neuropathological 
changes in the Werdnig-Hoffmann disease are not 
confined to the spinal cord and brain stem, and that 
sensory as well as motor nuclei may be involved. 
Gruner and Bargeton (1952) found evidence of 
neuronal degeneration in the thalamus in all their 
mine cases and Radermecker (1951, 1953) has 
reported occasional lesions in the striatum, globus 
pallidus, nucleus subthalamicus, cerebellar cortex 
and dentate nucleus. In contrast to this wealth of 
degenerative change, reports of malformations in 
association with Werdnig-Hoffmann disease have 
been conspicuous by their absence, except for 
doubling of the central canal of the spinal cord 
in one of Werdnig’s (1891) cases, and a few reports 
of minor neuronal heterotopias (Brandt, 1950). 
There is, however, an account by Radermecker and 
Liessens (1954) of a family in which the same sibship 
contained proved cases of Werdnig-Hoffmann 
disease and also a child who suffered from a non- 
progressive ataxia considered to be due to cere- 
bellar hypoplasia. 

The case to be described in this paper is remark- 
able not only for the presence of a prenatal cere- 
bellar malformation but also for the widespread 
distribution of supra-segmental degenerative lesions. 
Evidence will be adduced to support the view that 
in Werdnig-Hoffmann disease, as in certain other 
infantile encephalopathies, malformation may be 
an early expression of the genetic abnormality 
responsible for the later manifestations of the disease. 


Case Report 

Clinical History. J.S., a boy, was the only child of 
healthy parents who were not blood relatives. The 
pregnancy had been uneventful. He was born by breech 
presentation and sustained a fracture of the right humerus 
with a right Erb’s palsy. The birth weight was 4} lb. 
There was initial difficulty in establishing respiration 
and he was extremely limp and had to be tube fed. After 
the first three weeks he began to feed and the limpness 
became less noticeable. At about the age of 2 months 
a slight adductor spasm of the legs was observed and as 


time passed it was noted that he was not only failing 
to reach the normal milestones of development but that 
a progressive mental deterioration was taking place. 
Death occurred from bronchopneumonia at the age of 
6 months. 


Examination of the Central Nervous System. 

Macroscopic. The brain after fixation weighed 
603 g. of which the cerebellum and brain stem accounted 
for 21 g. The convolutional pattern of the cerebral 
hemispheres was normal. On coronal section it was 
seen that the corpus callosum was thin, and its splenium 
unduly small, that the lateral ventricles were moderately 
enlarged, and that the thalami appeared to be unusually 
small. The cerebellum was small and flat and _ its 
posterior margin only reached a point 4 cm. from the 
occipital poles. This reduction in size affected the 
inferior semilunar lobules, the tonsils and_ biventral 
lobules, the gyri of which were unusually broad and 
separated from each other by very shallow sulci. This 
foetal type of configuration was symmetrical (Fig. 1). 
The inferior vermis did not share in this change, nor did 
the flocculi. The dorsal surface of the cerebellum was 
normally convoluted. 


Gm 


Fic. 1.—Cerebellum; inferior surface showing primitive simplification 
of gyri. 
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Microscopic. Whole-brain coronal celloidin sections 
wre prepared serially from the anterior part of the corpus 
st iatum to the pulvinar, every 80th section being stained 
for nerve cells and the adjoining section for myelin. 
Tie occipital lobes were examined separately. The 
cerebellum and brain stem were also serially sectioned 
in a plane at right angles to the axis of the brain stem, 
every 40th section being examined. Representative 
sections were stained for fibrous neuroglia by the Holzer 
method and for axis cylinders by the Gros-Bielschowsky 
stain.. The spinal cord was examined both in celloidin 
and frozen sections. 


SPINAL Corp. There was a marked reduction in the 
number of anterior horn cells in the cervical and lumbar 
regions. Several of the remaining nerve cells showed 
swelling and chromatolysis, the nucleus often lying 
flattened at the margin of the cell (Fig. 2). In the grey 
matter there was a diffuse overgrowth of fibrillary 
neuroglia, fanning out into the anterior and lateral 
columns in the cervical and lumbar segments and also 
involving the posterior columns in the thoracic region. 
This gliosis did not reach the periphery of the cord 
(Fig. 3). Myelination of the tracts was within normal 
limits except in the thoracic and lumbar regions where 
there was a clear-cut pallor in the crossed pyramidal 
tracts (Fig. 4). In the lumbar cord the well myelinated 
posterior columns showed conspicuous fibrillary gliosis. 
The anterior nerve roots were atrophic in the cervical 
and lumbar enlargements. 


BRAIN STEM. Examination of the serial sections 
provided evidence of widespread neuronal degeneration, 
though myelination was normal for the patient’s age. 
Swollen chromatolytic nerve cells with eccentric nuclei 
were found in the following cranial nerve motor nuclei: 
XII, VII, VI, V, IV and III (Fig. 6b). The hypoglossal 
nucleus at some levels also showed a reduction in the 
number of nerve cells. The most caudal part of the 
inferior olives contained few nerve cells and the capsule 
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Fi... 2.—Spinal cord; lumbar enlargement; the anterior horn cells 
how various stages of degeneration. (Carbol azure x 170.) 
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Fic. 3.—Cervical cord; fibrous gliosis in the anterior columns. 
(Holzer x 18.) 


and hilum showed heavy fibrillary gliosis. The dorsal 
accessory olive was also partially degenerated. In 
places the oral parts of the inferior olives were poorly 
convoluted, the dorsal band being formed by a widely 
spaced double line of nerve cells. There was severe 
degeneration and gliosis of the medial and lateral 
vestibular nuclei in which neuronophagia was in progress 
(Fig. 5). In the oral part of the pons the nuclei pontis 
showed a marked reduction in the nerve cell population 
of the dorso-lateral cell groups. There was marked 
fibrous gliosis in the transverse fibres of the pons, but no 
demonstrable reduction in the numbers of axons. A 
large nest of primitive nerve cells was attached to the 
posterior medullary velum and bulged conspicuously 
into the fourth ventricle (Fig. 10). 


Fic. 4.—Fifth lumbar segment; atrophy of the anterior roots. The 
lateral pyramidal tracts are demyelinated. (Heidenhain x 8.) 
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Fic. 5.—Lateral vestibular nucleus showing gliosis, loss of many 
nerve cells and two figures of neuronophagia. (Carbol azure x 120.) 


Fic. 6.—Typical chromatolytic nerve cell of globus pallidus (a) and 
of trochlear nucleus (b). (Carbol azure (a) x 375; (b) x 470.) 


Fic. 7.—Atrophy of the gyri of the tonsils and inferior semilunar 
lobules. The vermis and dorsal parts of the lateral lobes are hypo- 
plastic. (Carbol azure x 1-5.) 


Fic. 8.—Atrophic gyri showing patchy remnants of the intern! 
granular layer. (Carbol azure x 17.) 


Fic. 9.—Demyelination of the dentate nuclei and their hila. 
(Heidenhain x 2-7.) 
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CEREBELLUM. Microscopic examination of the poorly 


ceveloped gyri of the inferior surface showed that most 
of these formations were devoid of nerve cells and axis 
cylinders (Fig. 7). In areas adjoining the more normal 
) cortex the internal granular layer was represented by 
small groups of cells usually in the deeper parts of the 
walls of the shallow sulci (Fig. 8). In such areas a few 
Purkinje cells were seen, some of which were binucleate, 
and a thin external granular layer, less dense than else- 
where in the cerebellum, was also present. These 
atrophic gyri were filled by a thin, uniform feltwork 
of glial fibres except in the molecular layer where the 
fibres of the Bergmann astrocytes formed a dense 
brushwork. 

The folia of the vermis and dorsal parts of the lateral 
lobes were normally constituted and there was no sign 
of neuronal degeneration. Myelination was unim- 
paired though a mild fibrous gliosis was present through- 
out the central white matter. Both dentate nuclei 
showed a severe and diffuse loss of nerve cells accom- 
panied by demyelination and heavy gliosis of their 
hila (Figs. 9 and 10). The caudal part of both nuclei 
had not developed their normal convoluted pattern and 
appeared to have been formed by rounded masses of 
nerve cells. The nucleus fastigii was intact. 


Fic. 11.—Left thalamus showing extensive loss of nerve cells in the 
anterior, medial and lateral nuclei. (Carbol azure x 8.) 


cells showed complete chromatolysis with lateral dis- 
placement of the nucleus, and microglial activity was 
often conspicuous in the neighbourhood of such cells. 
The nuclei of the midline, and the centro-median and 
parafascicular nuclei were preserved. The external 
geniculate body also contained scattered chromatolytic 
cells. No pathological changes were present in the 
caudate nucleus or putamen of either side. The globus 
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nd Fs. 10.—Fibrous gliosis of the dentate nuclei and deeper white 

) n.atter of the cerebellar hemispheres. The pons shows gliosis of the 
n clei in the floor of the fourth ventricle and in the pes pontis. The 

7m © tline of the large nest of primitive cells is seen in the roof of the 

i, ventricle. (Holzer x 2:7.) 

ia BAsAL GANGLIA. Widespread and remarkably sym- 


etrical loss of nerve cells was found in the thalamus, 
* severest changes being present in the eS Fic. 12.—Fibrous gliosis marks each globus pallidus and nucleus 
oup of nuclei and in the central part o the dorso- subthalamicus, Slight gliosis is also seen in the thalami. (Holzer 
‘edial nucleus (Fig. 11). Many of the surviving nerve x 2-7.) 
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pallidus was feebly myelinated and showed diffuse 
fibrous gliosis which was most marked in the medullary 
laminae. There was a patchy loss of nerve cells, many 
of the remaining cells staining feebly and a few being 
fully chromatolytic. The corpora Luysii showed a 
symmetrical atrophy of the dorso-lateral half, there 
being a severe loss of nerve cells and marked fibrous 
gliosis. Here also there were occasional chromatolytic 
cells and patchy microglial activity. 

CEREBRAL CoRTEX. A wide sampling revealed no 
pathological changes. The white matter of the centrum 
ovale, gyral cores and long tracts coloured less intensely 
with the myelin stain than is usual at 6 months, but no 
gliosis was present. 


Discussion 


The progressive neurological deterioration noted 
in this child had struck a discordant note in a 
history otherwise suggestive of cerebral birth 
trauma, and the neuropathological examination 
revealed the classical features of Werdnig-Hoffmann 
disease in the spinal cord and brain stem, while 
showing no evidence of vascular or anoxic lesions. 
The chromatolytic swelling of the anterior horn 
cells and of the neurones in the cranial nerve nuclei 
closely resembled that of axonal reaction and is 
highly characteristic of Werdnig-Hoffmann disease. 
On the other hand, partial degeneration of the 
pyramidal tracts has been reported only in a minority 
of cases (Radermecker, 1951). In the present 
instance this lesion may well have been responsible 
for the adductor spasticity observed at one stage 
of the illness. 

The loss of nerve cells in the thalami and pallido- 
Luysial system was exceptionally severe, but the 
presence of microglial activity and the typical 
chromatolysis in some of the remaining nerve cells 
were again features of Werdnig-Hoffmann disease 
that have been described in several other cases, 
including two of my own in which there was also 
widespread neuronal devastation in the thalami 
(Norman, 1958). 

The peculiar combination of cerebellar hypo- 
plasia and convolutional atrophy is a unique 
finding in Werdnig-Hoffmann disease. Although 
it is well established that the disease may be present 
at birth (Beevor, 1902), up to now there has been 
no evidence that the degenerative process may start 
so early in foetal life as to interfere with normal 
structural development. Yet in the present case 
the primitive form of the gyri in the ventral parts 
of the lateral lobes taken in conjunction with the 
marked gliosis and lack of cortical neurones leaves 
little doubt as to the prenatal onset of the abio- 
trophy. The minor malformations noted in the 
partially degenerate dentate nuclei and inferior 
olives also point to the same conclusion. 


Cerebellar hypoplasia has been found associate | 
with progressive neuronal degeneration in the brai 
stem and basal ganglia in other infantile encephalc - 
pathies (Gross and Kaltenback, 1959; Norman an 
Urich, 1958) and there is reason to believe that th 
two processes are not fortuitously linked. Th 


appearance of cerebellar hypoplasia in a case o' 


Werdnig-Hoffmann disease thus strengthens th 
theory that both the malformation and abiotroph: 
may be the expression of a single genetic abnor 
mality. There is some clinical evidence to suppor 
this view. Radermecker and Liessens (1954 
reported a remarkable pedigree of two interrelatec 
Flemish families in which four infants suffered fron 
Werdnig-Hoffmann disease. Another sibling pre- 
sented signs of cerebellar ataxia at the end of the 
second year of life. In this patient the muscles 
were poorly developed but their electrical reactions 
were normal. By the age of 5 years this child had 
shown an improvement both in the ataxia and in his 
muscular development and there was still no sign 
of motor neurone disease. The diagnosis of cere- 
bellar hypoplasia was made. The authors hesitated 
to classify this non-progressive cerebellar syndrome 
as a forme fruste of Werdnig-Hoffmann disease, 
but in the light of the present case this explanation 
may well be correct. 


Summary 


Neuropathological examination of a 6-month-old 
infant revealed the usual features of Werdnig- 
Hoffmann disease in the spinal cord and brain stem. 
There was widespread degeneration of nerve cells 
in the thalami, and symmetrical pallido-Luysial 
atrophy. The cerebellum was hypoplastic and in the 
ventral parts of the lateral lobes the convolutions 
were stunted in development and showed atrophic 
changes. Severe degeneration had taken place in 
both dentate nuclei and was accompanied by dense 
fibrillary gliosis and an almost complete loss of 
myelinated fibres in the hila. Reference is made 
to other forms of infantile encephalopathy in which 
cerebellar hypoplasia has been found in association 
with progressive neuronal degeneration elsewhere 
in the brain. The findings in the present case 
support the theory that, in certain instances, pre- 
natal malformation and abiotrophy are expressions 
of the same genetic abnormality. 


I am greatly indebted to Dr. W. J. Matheson for the 
use of his clinical notes and to Dr. E. M. Stirk who 
performed the autopsy and made this brain available 
for examination. 

This work was carried out with the help of the Nuffielc 
Foundation. 
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Hamman and Rich (1935) briefly described four 
cases of bilateral diffuse interstitial fibrosis of the 
lungs of unknown aetiology. In 1944, they described 
this condition in detail under the title ‘Acute diffuse 
interstitial fibrosis of the lungs’ (Hamman and 
Rich, 1944). 

Since then the condition has become known as 
the ‘Hamman-Rich syndrome’ but is now perhaps 
more correctly referred to as ‘Diffuse progressive 
interstitial fibrosis of the lungs’ (Beams and Harmos, 
1949). 

Grant, Hillis and Davidson (1956) collected 36 
cases from the literature and added three of their 
own. Rubin and Lubliner (1957) recognized 39 
recorded cases and added 15 of their own. Since 
then sporadic reports of cases have appeared, and 
Scadding (1960) added 26 cases to the literature. 
The majority of reported cases have been in adults; 
in childhood the disease is rare, only six cases having 
been previously recorded. 

The first report of the condition occurring in a 
child was by Bradley (1956). He described the 
clinical and autopsy findings in a 9-year-old girl. 
Since that time the following cases have been repor- 
ted: Baar and Braid (1957) described the case of a 
3-year-old boy; Feinerman and Harris (1957) of a 
7-month-old girl and an 8-year-old boy; Diamond 
(1958) of a 4-year-old Negro boy who, in addition, 
had stenosis of the right pulmonary artery and 
complete occlusion of the right pulmonary vein, 
and Mann (1959) an 8-month-old girl. 

Wilson and Mikity (1960) have recently reported 
a syndrome resembling the Hamman-Rich syndrome 
which occurs in premature babies. They gave 
details of five infants, two of whom had pulmonary 
signs and symptoms suggestive of the Hamman- 
Rich syndrome. It is not certain, however, that 
these should be regarded as proved cases. 


Case 1: J.L. 


John was the second child of healthy parents. He 
was born after a normal pregnancy and labour 


(birth weight 7 lb. 4 0z.). He developed normally for 
the first three months of life and reached a weight of 
11 lb. 10 oz. He then developed, over the course of 
a week, a slight fever, cough and ‘stuffy’ nose. 

On admission to the Sheffield Children’s Hospital, 
under the care of Professor Illingworth, he was slightly 
cyanosed. His temperature was 100° F., his heart rate 
180 per minute and his respiratory rate 30 per minute. 
A grade 3/6 systolic murmur was audible over the pre- 
cordium, and both liver and spleen were palpable two 
fingers’ breath below the costal margin. Investigations 
showed nothing abnormal apart from the chest radio- 
graph, which revealed bronchopneumonic changes 
throughout both lung fields. He was treated with oxygen, 
penicillin and digoxin and seemed to improve. His 
liver became less easily palpable and the systolic murmur 
disappeared. 

He was discharged home, but four days later was 
readmitted with marked cyanosis which disappeared 
when he was placed in an oxygen tent. The systolic 
murmur had returned and he was dyspnoeic, but had 
no fever. The liver was not so large, but the chest 
radiograph showed the same changes as previously. 

During the next three months the child’s condition 
steadily deteriorated. He became a blue-grey colour 
when not receiving oxygen, lost weight and his haemo- 
globin level rose from 12-1 g. % on his first admission 
to 14-4 g. % just before death. It was thought that he 
probably had a congenital heart lesion with cardiac 
failure. The electrocardiogram showed evidence of 
right ventricular diastolic overloading, but a cine-angio- 
cardiogram was normal. Repeaied blood cultures were 
negative. He was treated with tetracycline on four 
occasions, penicillin twice, chloramphenicol once, and 
was also given digoxin, triamcinolone and nystatin for 
persistent oral thrush. No therapy except oxygen 
appeared to help him. All investigations remained 
negative, but the chest radiograph showed an increasing 
haziness of the whole lung field with an almost 
ground-glass appearance (Fig. 1). He died at the age of 
64 months. 


Necropsy. The body was that of an extremely wasted 
male infant weighing 3,097g. Scattered petechial 
haemorrhages were present over the face, abdomen and 
ankles, and fading petechial haemorrhages were present 
in both groins. 
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HAMMAN-RICH SYNDROME 


RESPIRATORY TRACT. Lesions of thrush were present 
ir the mouth and pharynx. The trachea and main 
b.onchi appeared to be normal. 

Both lungs were bulky and voluminous and filled the 
thoracic cavity. There were depressions on the posterior 
surface of both lungs which corresponded with the pos- 
terior aspect of the ribs. These depressions had appar- 
ently been produced by pressure of the lungs against the 
thoracic cage. All lobes of both lungs were firm and 
gave the appearance of consolidation, but there was no 
congestion or oedema. The smaller bronchi and bron- 
chioles appeared normal and contained no exudate. The 
pleural surface of both lungs showed some dilatation of 
vessels. The cut surface of the lungs had a mottled 
appearance, consisting of reddish and whitish areas, 
and also showed a diffuse lace-like pattern of firm whitish 
fibrous tissue (Fig. 2). The tracheo-bronchial and some 
of the mediastinal lymph nodes were slightly enlarged, 
a little congested and soft, but there was no evidence 
of caseation or calcification. 


CARDIOVASCULAR SySTEM. There was moderate dis- 
tension of the jugular veins and a distended azygos vein 
was present. The heart appeared to be normally 
developed. There was no congenital abnormality and 
no evidence of right ventricular hypertrophy. 

The liver was slightly enlarged and congested. 

The brain showed engorgement of the cerebral veins. 

All other organs appeared normal. 


Histological Findings. The following appearances 
were found in approximately equal severity in all lobes 
of both lungs: there was a great increase in the thickness 
of the alveolar wall, apparently due to a combination 
of oedema and increase in argentaffine fibres. Large 
mononuclear cells and a few lymphocytes were present in 
the interstitial tissue but polymorphonuclear leucocytes 
and eosinophil leucocytes were scanty. There was 
marked vascularity of the interstitial tissue. Many 
alveoli were dilated and the alveolar epithelium was 


FG. 1.—Case 1, chest radiograph showing ‘ground glass’ appearance 
of lung fields. 
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Fic. 2.—Case 1, cut surface of lung showing mottled appearance. 


replaced by increased amounts of connective tissue which 
produced a ‘pseudo-hyaline membrane’ appearance. 
Many other alveoli were not dilated but were small and 
lined by cuboidal epithelium. Alveoli, alveolar ducts, 
bronchioli and bronchi were either empty or contained 
a few mononuclear cells which appeared to be swollen 
alveolar epithelial cells which had become separated 
from the alveolar wall. No evidence of fungal infection 
was seen. 


Case 2: A.R. 


Angela was the third child of healthy parents (birth 
weight 6 lb.). She had been perfectly well until she was 
vaccinated against smallpox at the age of 14 weeks. 
She had a strong reaction to the vaccination and the scab 
had still not separated five weeks later. Three days 
after the vaccination she began to vomit and had a bout 
of diarrhoea which lasted five days. Four days after the 
vaccination she started to cough and this persisted. At 
that time she showed no evidence of cyanosis. During 
the next four weeks the cough became worse. The child 
refused feeds, vomited occasionally and then became 
cyanosed. 

When seen by Dr. L. A. Hawkins at the Doncaster 
Royal Infirmary, Angela was 18 weeks old. She was 
a greyish blue colour with a respiration rate of 60 per 
minute. There was no evidence of respiratory obstruc- 
tion. Widespread crepitations were audible. The pulse 
rate was uncountable. No abnormality was noted in 
the heart. The temperature was 101° F. 

On admission she was put into an oxygen tent and her 
colour rapidly became normal. This rapid improvement 
in response to oxygen continued until just before her 
death and was a notable feature of the case. Apart 
from oxygen, Angela was treated with penicillin (two 
courses), chloramphenicol, tetracycline, chlortetracycline 
and streptomycin but without any improvement. Radio- 
logical examination showed a widespread, mottled 
opacity of both lung fields, so much so that almost no 
normal lung translucency could be seen. It was difficult 
to distinguish the heart from the lungs and no abnor- 
mality of the heart was observed. 


i 
|_| 
— 
of 
tal, 
‘ate 
‘wo 
ons 
lio- a 
ges 
en, 2 
nur 
was 
red 
olic 
rest 
‘ion 
our 
mo- 
e of 4 
hial | 
and 6 


104 ARCHIVES OF DISEASE IN CHILDHOOD 


Angela’s condition deteriorated and she died at the 
age of 7 months, 10 weeks after the onset of her illness. 


Necropsy. The lungs were voluminous and on the 
posterior aspects, slight markings were present which 
corresponded to the posterior part of the ribs. The 
lungs were firm and on cut section showed a fleshy 
appearance with a variegated pattern of pale and reddish 
areas. No definite consolidation was present and no 
frank pus was seen. 


Histological Findings. All lobes of both lungs showed 
a similar appearance. There was gross thickening of the 
alveolar walls which appeared to be due to a combina- 
tion of increased connective tissue, oedema and cellular 
infiltrate of mononuclear cells and occasional eosinophil 
leucocytes. Dilated capillaries were present in the inter- 
stitial tissue. The majority of alveoli were lined by 
cuboidal epithelium; other alveoli were distended. The 
smaller bronchi, bronchioles and alveoli were either 
empty or contained swollen mononuclear cells which 
appeared to have been derived from the alveolar epi- 
thelium. The heart showed no gross abnormality and 
the other organs were normal. 


Case 3: L.S. 


Linda was well until the age of 13 months when she 
developed a respiratory tract infection with otitis media 
and a cough. The otitis improved after two weeks, 
but the cough became progressively worse and the 
respiratory rate became rapid. She was admitted to the 
Sheffield Children’s Hospital under the care of Professor 
Illingworth. 

On examination she was a pale, coughing baby with 
a tinge of cyanosis. The temperature was 100° F., and 
the respiratory rate about 80 per minute. On auscul- 
tation of her chest, crepitations were heard all over both 
lung fields. A radiograph showed emphysematous 
lung fields with patchy consolidation and one possible 
cavity in the right mid-zone. The pulmonary artery 
was prominent. 

Linda was put into an oxygen tent and treated with 
tetracycline. Her haemoglobin was 12-9 g. % and her 
total leucocyte count 21,000, 68° of which were neutro- 
phils. Gastric washings on admission showed no patho- 
genic organisms. 

There was a slight initial improvement, but after the 
first two weeks she began to deteriorate. She became 
very cyanosed when out of oxygen, but was comparatively 
cheerful in the oxygen tent. The pulmonary crepitations 
were always audible, although her cough became less 
troublesome. Serial radiographs showed increasing 
emphysema with areas of consolidation uniformly dis- 
tributed throughout both lung fields (Fig. 3). No 
abscess cavities were seen. Her heart enlarged pro- 
gressively, especially the right ventricle, and the pul- 
monary artery became very prominent. Her haemo- 
globin rose, until just before death it was 16-7 g. %. 
Staphylococcus aureus coagulase positive was grown from 
cough swabs on eight occasions in specimens taken at 
aproxpimately monthly intervals. 


Linda was treated with courses of penicillin, chl r- 
tetracycline, oxytetracycline, sulphadimidine, chlora: 1- 
phenicol and erythromycin. She was also given cor i- 
sone for two months and, when she was in heart failu: >, 
digoxin. No treatment, apart from oxygen, made a y 
difference to her general condition or altered the pc - 
sistent growth of Staphylococcus aureus in her sputui , 
even though in vitro studies showed that the organisr 5 
remained fully sensitive to chloramphenicol and er - 
thromycin throughout. 

Linda developed progressive cor pulmonale as show 1 
by chest radiographs and electrocardiograms, and s|I > 
died in heart failure eight months after the initi: | 
appearance of her symptoms. 


Necropsy. The body was that of a wasted femaie 
child, the sternum was prominent and the anterc- 
posterior diameter of the chest was increased. 


RESPIRATORY TRACT. The larynx, pharynx, trachea 
and larger bronchi appeared normal. 

The lungs were slightly more bulky than normal and 
the pleural surface showed irregularity due to the presence 
of small sub-pleural cysts which varied in size from 1 mm. 
to 1 cm. in diameter. The pleural surface showed 
mottled areas of red congested tissue and white depressed 
areas due to fibrous tissue. On cut section the mottled 
appearance was seen to be present throughout all lobes 
of both lungs. 


CARDIOVASCULAR SYSTEM. The heart was increased 
in size due to right ventricular hypertrophy. There was 
no evidence of congenital heart disease. The pulmonary 
artery appeared slightly increased in thickness. There 
was distension of the jugular veins. 

The liver was enlarged and congested. The thymus 
showed marked involution. All other organs were 
normal. 


Histological Findings. Throughout all lobes of both 
lungs, there was an increase in thickness of the alveolar 


Fic. 3.—Case 3, chest radiograph showing areas of consolidatior, 
enlargement of the heart and prominent pulmonary artery. 
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valls. This was due to increased amounts of connective 
issue and collections of cells which included macro- 
»hages, fibroblasts, plasma cells and some eosinophils. 
Many alveoli appeared small or normal in size and were 
ined by cuboidal epithelium (Fig. 4). Other alveoli 
vere dilated and cysts were present which were lined 
in some areas by a thin layer of fibrous tissue, and in 
other areas by ciliated columnar epithelium. 

The heart showed slight hypertrophy of muscle fibres 
in the right ventricle. There was no evidence of myo- 
carditis. 

The pulmonary artery showed some sub-intimal 
thickening. The thymus showed gross involution. The 
liver showed congestion and fatty degeneration. The 
spleen was congested but was otherwise normal. 


Discussion 


An analysis of the six previously recorded child- 
hood cases (excluding the five premature babies) 
in conjunction with our own three cases, enables a 
composite picture of the syndrome to be given. 
The sex incidence is approximately equal (four 
boys and five girls). The ages at onset were: 
3 months (two cases), 4 months (two cases), 5 months 
(two cases), 13 months, 2 years 5 months and 6 years 
9 months. Five cases survived six months or less, 
while three cases survived between eight months 
and three and a half years. One 8-year-old boy 
was still alive at the time his case history was pub- 
lished one year after the onset of the disease. 

Five cases began with an upper respiratory tract 
infection. Two cases began with fever and res- 
piratory tract symptoms. One case apparently 
followed whooping cough and one case followed 
vaccination against smallpox. The usual story was 


Fic. 4.—Case 3, lung section showing broadening of interalveolar 
interstitial tissue and cuboidal epithelium lining the alveoli. 
(H. and E. x 295.) 


of cough, dyspnoea and cyanosis persisting after 
an infection had apparently abated. The cyanosis 
was relieved by oxygen. Several authors remarked 
on the remarkable absence of signs in the chest, 
but some of the children were seen months after the 
commencement of the disease. On the other hand 
a few cases had persistent crepitations throughout 
the illness. 

Six out of seven cases died in heart failure. In 
the child who was still alive, the cardiac second 
sound was reported as being very loud and split. 
In one case report the heart was not mentioned. 

In our first child the presence of a systolic murmur 
which was shown to be presystolic on a phono- 
cardiogram, coupled with dilatation of the pul- 
monary artery on a radiograph, right ventricular 
overloading on the electrocardiogram and clinical 
evidence of right-sided heart failure, suggested the 
diagnosis of a congenital heart lesion. An angio- 
cardiogram, however, was normal. A similar case 
was reported by Bradley (1956); the child had a loud 
systolic and later diastolic murmur and cardiac 
catheterization was performed. A general increase 
of pressures in the right side of the heart was found 
(figures not given), but no other abnormality was 
discovered. At autopsy no congenital heart lesion 
was found. 

The radiological appearance of the nine cases 
varied. Two cases showed patchy consolidation 
and emphysema, five cases showed diffuse infiltra- 
tion, and two cases showed a ground glass haziness 
of the lung fields. The abnormal appearance was 
often more marked on one side than the other. 

In our third case the diagnosis of staphylo- 
coccal pneumonia either with or without fibrocystic 
disease of the pancreas was seriously considered. 
This was because of the radiological appearance of 
patchy consolidation and possible pneumatoceles, 
and also because of the constant finding of haemo- 
lytic staphylococci in the sputum. 

Diffuse progressive interstitial fibrosis of the lungs 
is a clinical syndrome which should be considered 
in any child with persistent dyspnoea, tachypnoea, 
cyanosis improved by oxygen, and heart failure. 
The most important differential diagnosis is con- 
genital heart disease. 


Aetiology. Various possibilities have been sug- 
gested as aetiological factors in cases of ‘idiopathic’ 
diffuse interstitial pulmonary fibrosis. These in- 
clude a reaction to some form of chemical irritant, 
the result of a viral infection or infection with 
pleuropneumonia-like organisms or an incompletely 
resolved pneumonia. A _ relationship with the 
collagen disease has also been suggested, and cases 
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of rheumatoid arthritis with progressive pulmonary 
fibrosis have been recorded in adults (Rubin and 
Lubliner, 1957). 

The concept that auto immunity may be concerned 
has received some support from Read (1958a and 
1958b) who prepared, in rabbits, an anti-rat lung 
serum which, when administered to rats, resulted in 
interstitial fibrosis of the rat lung. 


Pathology. The naked eye appearances of the 
lung in all our three cases showed a similar appear- 
ance. The lungs were voluminous and increased 
in bulk. They were uniformly firm in consistence 
and the cut surface showed a variegated pattern of 
greyish white and pale reddish areas. In two cases 
there were prominent dilated blood vessels present 
on the pleural surface. In one case, the presence 
of small cysts was noted. 


Histological Findings. The histopathological find- 
ings in our three cases fulfilled the criteria described 
by Hamman and Rich. The main pathological 
feature was broadening of the interstitial tissue of 
interalveolar septa. This pathological change in- 
volved all lobes of both lungs. The broadening of 
interstitial tissue was due to oedema, increased 
numbers of argentaffine and collagenous fibres and 
cellular infiltration. The cellular infiltrate com- 
prised large mononuclear cells, lymphocytes, plasma 
cells and eosinophil leucocytes in varying propor- 
tions in the three cases. 

In Case 3 of our series frequent isolation of 
haemolytic Staphylococcus aureus from the sputum, 
together with the cystic changes in the lungs, was 
suggestive of staphylococcal pneumonia. In organ- 
izing pneumonia, however, changes are usually 
lobar or lobular and not diffuse and even if both 
lungs were involved uniformly, the alveoli themselves 
are filled with organized exudate. In this case 


there was no organized alveolar exudate, no evidence 
of suppuration and the walls of the cyst were lined 
by a thin layer of fibrous tissue and in some parts 
respiratory epithelium. The cysts were probably 
produced by dilatation of bronchioles and there 
was no evidence of a surrounding inflammatory 
reaction. 


Summary 


Three cases of the Hamman-Rich syndrome 4a 
childhood are described. The ages of the childr: 1 
at death were 64, 7 and 23 months. 

These cases were manifested clinically by dy - 
pnoea, tachypnoea and cyanosis. The respirato: : 


symptoms became steadily more marked and two ¢ 


the children died with right-sided cardiac failure. 

The pathological findings in the lungs were simil: « 
in all three cases, the main macroscopic appearance ; 
consisting of increase in bulk of the lungs wit, 
evidence of fibrosis, and the main histologic: | 
feature being broadening of the interalveole: 
interstitial tissue. 

No treatment was of any avail apart from oxygei. 

The Hamman-Rich syndrome should be cor- 
sidered in any child who has persistent cougl:, 
dyspnoea, tachypnoea, cyanosis improved by 
oxygen, and heart failure. 


We would like to thank Professor R. S. Illingworth, 
under whom two of these cases were admitted, and 
Dr. J. L. Emery for kindly criticizing this paper. Dr. 
L. A. Hawkins kindly supplied us with the clinical 
details of Case 2. 
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INTRACRANIAL COMPLICATIONS OF LEUKAEMIA 
TREATED WITH INTRATHECAL AMETHOPTERIN* 


BY 


BERNARD M. LAURANCE 
From the Derbyshire Children’s Hospital, Derby 


(RECEIVED FOR PUBLICATION APRIL 1, 1960; AMENDED OCTOBER 6, 1960) 


Because the peripheral blood and bone marrow 
in acute leukaemia of childhood can be controlled 
temporarily by the anti-folic acid, the anti-purine 
and the steroid drugs, the prognosis of the disease 
has improved. However, none of these drugs 
prevents leukaemic infiltration of the brain, meninges 
or cranial nerves. Whiteside, Philips, Dargeon and 
Burchenal (1958) demonstrated that this was 
probably because an orally or parenterally adminis- 
tered drug did not penetrate the blood cerebrospinal 
fluid (C.S.F.) barrier in sufficient concentration to 
give a therapeutic level. However, when the anti- 
folic acid drug, amethopterin (4-amino-N10 methyl 
pteroylglutamic acid) was given intrathecally, the 
C.S.F. levels were 30 to 100 times higher than those 
found after a massive single oral dose. 

Treatment of these neurological complications of 
leukaemia with intrathecal amethopterin have been 
published in the American literature (Whiteside 
et al., 1958; Cramblett, 1959; Murphy, 1959). In 
the first child reported here the response to intra- 
thecal therapy was quite dramatic. The report of 
a second child who had mild meningeal involvement 
is included because both this and the first child had 
swellings on the skull surface which were presumed 
to be leukaemic -deposits and which disappeared 
after treatment. The report is intended primarily to 
stress the treatment of the intracranial complications 
of leukaemia, so that only brief reference is made 
to the general aspects of the disease. 


Case Reports 


Case 1. A girl of 2 years and 10 months was first seen 
in February, 1959. She was pale, had scattered purpura 
and bruises, generalized lymphadenopathy and an 
enlarged liver and spleen. No other abnormal signs 
were found. The haemoglobin was 38% (5-62 g.), 
red blood cells 3,000,000/c.mm., platelets 128,000/ 
c.mm., white blood cells 32,500/c.mm. of which 97% 
were lymphocytes and included some primitive cells. 


* Based on a paper read to the Sheffield Paediatric Society, 
October, 1960. 


The bone marrow was typical of acute leukaemia. 
After a blood transfusion she was treated over the next 
four months with 6-mercaptopurine supplemented by 
three short courses of prednisone. Thereafter her blood 
remained well controlled by the purine antagonist alone. 
From the start of her treatment she remained well in 
herself and only had 32 days in hospital during the first 
10 months of her illness. She inexplicably developed 
a Cushing-like appearance although she had not had 
any prednisone for the previous four months. On 
December 16, 1959, she complained of ear-ache and was 
found to be blind in the right eye. The left ear drum 
was opaque and slightly reddened and there was bilateral 
papilloedema of approximately 1 dioptre, but no 
haemorrhages (Mr. Charles Bamford) (Fig. 1). Three 
swellings on the scalp were presumed to be leukaemic 
deposits. A skull radiograph showed separation of the 
sutures (Fig. 2) and the C.S.F., which was under normal 
pressure, contained 1,000 cells/c.mm., 99% of which 
were primitive; protein, 110 mg. %; sugar, 49 mg. %; 
chlorides, 662 mg. %. The haemoglobin was 90% 
(13-3 g.), red blood cells 3,610,000/c.mm., white blood 
cells 1,700/c.mm. (neutrophil series 60%, lymphocyte 
series 40%; no immature cells seen). Platelets 106,000/ 
c.mm. Two bone marrow specimens were poorly 
cellular, but contained 4% myeloblasts. 

As there were presumed intracranial and skull deposits, 
and because the blood and marrow picture suggested a 
relapse of the leukaemia, therapy was changed on 
December 17, 1959, to oral amethopterin 2-5 mg. every 
other day. The blood picture had deteriorated by 
December 24 and so prednisone 10 mg. daily was added, 
but meanwhile, on December 18, amethopterin 10 mg. 
dissolved in 2 ml. of water and diluted with 8 ml. of 
C.S.F. was injected intrathecally. This was repeated 
on December 21 and 24, 1959, and on January 5, 1960. 
At each lumbar puncture the cell count had improved 
so that by January 12 there were only nine normal 
looking polymorphs and 25 mg. % of protein. The 
serum uric acid on December 22 and 31 was 4-5 and 
2:6 mg. respectively. Full vision had returned after 
the third intrathecal dose, and by January 6 Mr. Cuarles 
Bamford reported that the optic discs were entirely 
normal (Fig. 3). The skull deposits were no longer 
palpable, and the ear drum was now normal. A skull 


radiograph showed less separation of the sutures. 
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Fic. 1. 


Fic. 3. 


The child remained well but bilateral papilloedema 
was found at a routine examination in August, 1960. 
There was also another small swelling over the skull. 
The peripheral blood picture, the bone marrow and the 
skull radiograph were all normal, but the C.S.F. con- 
tained many primitive cells (Table and Fig. 4). The 
specimens for the above investigations were obtained 
under one anaesthetic, which was preceded by 50 mg. 
hydrocortisone intramuscularly as the child had had 
steroids previously. Intrathecal amethopterin 5 mg., 
diluted as before, was given at the time of this lumbar 
puncture and 10 mg. was given four days later and again 
four days after this. The Table shows how quickly 
the C.S.F. cleared. The skull deposit was no longer 
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Fic. 2. 


Fic. 4. 


Fic. 1.—Case 1, the papilloedema before treatment (left disc). 
Fic. 2.—Case 1, separation of the sutures. 
Fic. 3.—Case 1, the fundus 15 days later (left disc). 
Fic. 4.—Case 1, lymphocytes in cerebrospinal fluid. (x 750.) 


palpable. Meanwhile the child had continued her oral 
amethopterin 2-5 mg. on alternate days, but daily blood 
counts showed that all elements were depressed. Eight 
days after the initial intrathecal dose, the haemoglobin 
was 70°% (10-3 g.), red cells 2,720,000/c.mm., white 
cells 2,000/c.mm. of which 49% were neutrophils, 
45%, lymphocytes and 9% monocytes; platelets were 
26,000/c.mm. She was too ill for bone marrow aspira- 
tion. The serum uric acid four days after the first 
dose of intrathecal amethopterin was 6-2 mg./100 mi. 
Despite stopping the oral amethopterin and giving 
blood transfusions, citrovorum factor 5 mg. three times 
a day and large doses of prednisone, the blood picture 
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INTRACRANIAL COMPLICATIONS OF LEUKAEMIA 


TABLE 
C.S.F. CHANGES AFTER INTRATHECAL AMETHOPTERIN 


| | 
Intrathecal 
Date /Amethopterin Cells Sugar Protein Chloride 
| | | 
Total R.B.C | Blastocytes | Polymorphs |Lymphocytes | mg. mg. mEq./I. 
| (%) (%) (%) | (%) | (%) 
August 11, | | | | | | | | 
1960 5 2,115,000 70 | | 30 20 180 111 
August 15, | | | 
1960 sce 10 445 395 5 | 35 | 10 | 46 150 116 
August 19, { | | 
1960 ee 10 33 17 | — 16 | —_ | 42 100 112 


reflected a presumed total marrow aplasia and the child 
died 15 days after papilloedema had developed for the 
second time, eight months after it had been found on 
the first occasion and 18 months after the onset of her 
disease. Permission for autopsy was refused. 


Case 2. A girl of 74 years was first seen in October, 
1958. Her paternal grandfather had died of leukaemia. 
Six months after she first attended hospital her mother 
died of malignant melanoma. The girl looked ill and 
pale and had moderately large glands in the left supra- 
clavicular fossa, left axilla and in both groins. There 
was pain on abduction and flexion of the left hip, but 
there was full movement in this and all other joints. 
The spleen was considerably enlarged. The haemc- 
globin was 56% (8-2 g.), white blood cells 15,700/c.mm., 
of which 88°% were primitive cells; platelets 114,000/ 
c.mm. The bone marrow appearances were typical 
of leukaemia. No deposits were visible radiologically 
in the hip or thigh. 

Following a blood transfusion, she was treated with 
6-mercaptopurine and prednisone for 27 days. There- 
after treatment was continued with the antipurine drug 
alone. She remained well and attended school regularly 
until January, 1960, 15 months after her first attendance 
at hospital, when she noticed a firm, painless ‘lump’ cn 
her head. Two weeks later, this was larger and there 
were two more present. No other abnormal signs were 


found. A skull radiograph was normal. Haemoglobin 
112% (16-6 g.), -W.B.C. 3,200/c.mm. (neutrophils 


70%, lymphocytes 30%); platelets 141,000/c.mm. The 
C.S.F. was under normal pressure, and contained 26 
‘primitive’ cells per c.mm. only; protein 15 mg. %. 
‘Jnfortunately the sugar content was not measured. 
'ntrathecal amethopterin 10 mg. was given in the same 
dilution as for the first patient. Second and third doses 
\vere given four and three days later respectively. At the 
‘ime of the third dose, the C.S.F. contained 11 normal 
‘ooking lymphocytes per c.mm., protein 15%, chlorides 
20 mg. % and sugar 57 mg. %. The serum uric acid 
vas 2-5 mg. % six days after this third dose. The two 
‘maller skull deposits had gone, and the large one was 
maller. The child remained in good health. However, 
3 days later, two fresh skull deposits had appeared, and 
a addition the remaining one had enlarged again to 
bout its original size. The left tonsillar gland was also 
arge and firm. The blood count remained satisfactory. 


The C.S.F. contained only one normal lymphocyte, and 
the chemistry was normal. Therapy was changed to 
oral amethopterin and on this the child remained 
moderately well at home. By May, 1960, however, 
there was an obvious deterioration, although the skull 
deposits remained unaltered. Reintroduction of steroids 
in high dosage gave temporary benefit, but she died at 
the end of July, 22 months after her illness was first 
diagnosed. 

At autopsy there were generalized petechial haemor- 
rhages over the whole body. Leukaemic deposits were 
scattered throughout the brain, lungs, spleen and liver. 


Discussion 

As orally administered antimetabolite drugs such 
as 6-mercaptopurine and amethopterin control the 
peripheral blood and bone marrow, but not the 
intracranial manifestations of leukaemia, it is 
likely that these neurological complications will 
become commoner as survival from acute leukaemia 
becomes longer. It is therefore imperative to 
search for treatment for these complications. 

It seems reasonable to assume that the neuro- 
logical complications in the first child were the result 
of leukaemic infiltration of the brain, meninges or 
cranial nerves, and that the palpable masses in the 
skulls of both children were leukaemic deposits. It 
might be argued that the reintroduction of steroids 
in the first patient was the cause of her remarkable 
improvement, or that it was the result of a combina- 
tion of the drug with the intrathecal amethopterin. 
However, it is well known that the neurological 
manifestations of leukaemia occur despite all oral 
treatment, so that it is probable that the intrathecal 
treatment was responsible for the resolution of these 
symptoms. That these remissions are temporary 
was noted by Whiteside et al. (1958) who found the 
effect to last for only four to six weeks in the four 
children they treated for presumed intracranial 
leukaemic infiltration. Nevertheless, one of the 
four patients reported by Cramblett (1959), and 
eight of the 23 patients reported by Murphy (1959) 
had a remission of intracranial complications of 
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up to eight months. The last author considered 
that the best results were obtained in the patient 
with headache, increased intracranial pressure, 
papilloedema, vomiting, separation of the cranial 
sutures and a pleiocytosis of the cerebrospinal 
fluid; all the signs shown by the first child reported 
here who also survived for eight months after 
treatment of the first intracranial complications. 
The deposits on the skull of the first child dis- 
appeared completely and they diminished tem- 
porarily in the second. As this could only have 
been the result of the intrathecal amethopterin in 
the latter child, this was probably true also of the 
first. However, the remission was so brief in the 
second child that in view of the apparent improve- 
ment after intrathecal amethopterin this drug was 
given orally too. Presumably the drugs given 
intrathecally can reach skull deposits via the diploic 
veins which communicate with the meningeal veins. 

The type of cells in the cerebrospinal fluid of both 
patients proved difficult to identify at first, but when 
seen on the second occasion in the first child they 
were easily recognized as lymphoblasts. The 
protein content of the fluid was high at first but fell 
as improvement occurred. On both occasions in 
the first patient the sugar content was low initially, 
which confirms the findings of other workers. 

The number of intrathecal injections that should 
be given remains conjectural, but the average of 
the authors quoted seems to be three or four. Murphy 
(1959) gave 10 injections to one patient without 
harm. The dose quoted averaged 0-5 mg./kg. at 
three- or four-day intervals. In both the patients 
reported here this dose, given on three occasions, 
was sufficient to restore the C.S.F. to normal apart 
from the second relapse in the first child when the 
fluid was still not quite clear. Even on this occasion, 
there was a most remarkable improvement in the 
cell count after the first dose, i.e. a fall in four days 
from over 2,000,000 white cells, 70% of which were 
lymphoblasts, to 50 cells of which only 5% were 
lymphoblasts. Of greater interest though was the 
apparent depression of all elements of this child’s 
bone marrow after 15 mg. of amethopterin had been 
given intrathecally. Unfortunately the child was 
too ill and the platelet count too low to warrant a 
further bone marrow biopsy and this examination 
was not allowed after death. It is known that a 
small amount of amethopterin given orally crosses 
the blood brain barrier, but it must remain hypo- 
thetical whether the intrathecal amethopterin 


crossed back to the blood from the cerebrospina 
fluid through a normal barrier or one that wa 
affected by the disease. Alternatively, the marro\ 
relapsed a week after it had been shown to be norma! 

It does seem, though, that frequent marroy 
biopsies are important during intrathecal treatment 
It is difficult to assess whether oral amethopterin 
should be given if 6-mercapt:;»:*'ne is still con- 
trolling the blood picture as it was in the second 
patient. Certainly frequent examination of the 
fundi of children under treatment for this disease 
is obviously essential. 

When a large amount of leukaemic tissue is 
destroyed by antimetabolites in a short time, 
hyperuricaemia has been reported. In these two 
patients the serum uric acid levels were normal. 


Summary 


Two children with acute leukaemia were treated 
with 6-mercaptopurine for 10 and 15 months res- 
pectively before they developed swellings on the 
skull which were presumed to be leukaemic deposits. 
The first child also had neurological signs and both 
had changes in the C.S.F. suggestive of intracranial 
deposits. 

After treatment with intrathecal amethopterin, 
the neurological signs disappeared and the C.S.F. 
cleared. In one child these signs reappeared eight 
months later, but although the C.S.F. responded to 
intrathecal treatment, the child died. The swellings 
also disappeared in the first patient and diminished 
temporarily in the second. The reason for this 
disappearance is discussed. Stress is laid on the 
importance of frequent examination of the fundi 
of patients with this disease. 


I wish to thank Dr. C. W. P. Bradfield for the radio- 
graph reports and Mr. W. Spink, F.B.O.A.(Hons.), 
Senior Ophthalmic Optician to the Derbyshire Royal 
Infirmary, for the fundus photographs (originally in 
colour) of Case 1. Dr. G. R. Osborn and Dr. B. 
Leonard kindly reported on the C.S.F. and haematology 
findings and gave much valuable advice. It is a pleasure 
to acknowledge the prompt gift of the intrathecal 
amethopterin (methotrexate) from Dr. Ruth Porter, 
M.R.C.P., of Lederle Laboratories, London. 
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BOOK REVIEWS 


Prematurity. By BERYL CorRNER. (Pp. xii+587; 139 
figures + 55 tables. 105s.) London: Cassell. 1960. 
The care of the premature has come of age; and who 

is more fitted than Dr. Corner who has mothered so 

many of these infants into maturity to give us the first 

British textbook on the subject. For, with five parts, 

38 chapters, 555 pages and four appendices and launched 

with a foreword by Professor A. V. Neale, her close 

colleague at Bristol, Dr. Corner’s book has, indeed, all 
the trappings of a full-scale textbook. The five main 
parts deal successively with the definition, incidence, 
cause and prevention; diagnosis; care; disorders; and 
prognosis. Part I covers the incidence, causation and 
prevention of prematurity and contains an interesting 
discussion on the difficulties in finding suitable measure- 
ments either in terms of duration of pregnancy or of the 
infant itself, with which to define prematurity difficulties 
which are particularly obvious in undeveloped countries 
where birth weights are low. Part II on diagnosis, 
consists of 10 chapters on the physiology of the foetus, 
and baby, and of the change over to extra-uterine 
existence in relation particularly to the immature infant. 
Though Dr. Corner in her preface is almost hesitant 
over them, these chapters are, in fact, a real feature of the 
book and in them will be found, in highly condensed 
form, a summary of much of the present knowledge 
of the subject matter. Parts III, on care, and IV on 
disorders form the great bulk of the book. In them are 
described the general principles and the management of 
the well and ill premature infant, as well as the organiza- 
tion of premature care on a civic and a national scale. 
Dr. Corner was offered a unique opportunity at an early 
stage to build up the premature services for Bristol, 
and these sections are expressions of her own large 
experience and, indeed, of her personal contribution to 
paediatrics in this country. There are, in addition, 
two chapters, one oh eye conditions by Dr. C. A. Brown, 

and the other on pathology of the premature by N. J. 

Brown which within the framework of Dr. Corner’s 

pattern are valuable contributions to the book. 

Part V is a short section on the prognosis of pre- 
maturity, and the four appendices give details of medical 
procedures, nursing procedures, antibiotics in the pre- 
mature infant and the composition of milks. 

Dr. Corner’s style is gubernatrixial; that is, she is 
didactic and sure and economical in her writing, and 
her text is carefully paragraphed and also headed and 
subheaded in heavy type. It reads more like a synopsis 
than a textbook and everything is done to make assimila- 
tion easy. Yet it is, she admits in her preface, ‘written 
primarily for specialist paediatricians and obstetricians’ 
and indeed it is precisely what any paediatrician who 
runs a premature unit himself, or particularly who is 
setting out to build up paediatric services in a community, 
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might like to have at his elbow as a book of reference and 
as ammunition to help him through committees. Dr. 
Corner has perfected a style which is extremely clear 
and easy to understand and she has, throughout her 
text, supported her own opinions and ideas by a great 
wealth of references. The result is a massive volume 
which is certain of immediate acceptance and of many 
fresh editions in the years to come. 

Criticisms of so generous a book are perhaps churlish. 
There are certain sections which have no real relevance 
to prematurity, and English readers must continue to 
envy American textbooks particularly for the quality 
of paper and binding and for the profusion of appro- 
priate photographs and illustrations. Here the paper 
and binding are cheap and illustrations, though of good 
quality, are desultory, as if picked up haphazardly to 
cheer the book up rather than as serious contributions to 
clarity and understanding. There is, for instance, the 
usual photograph of a mongol and of a mongol’s feet, 
of cleft palates and of manual expression of milk, and 
yet none of a host of interesting conditions which are 
not commonly seen and for which a photograph would 
clarify as nothing in the text could do. But these short- 
comings are presumably related to costs of production 
and by standards of today this book at 105s. is good 
value. 


Babies and Young Children. 2nd ed. By RONALD S. 
ILLINGWORTH and CYNTHIA M. ILLINGWORTH. (Pp. 
331; 24 plates. 18s.) London: J. & A. Churchill. 
1960. 

If we follow Oscar Wilde’s advice and collect second 
editions we shall certainly include this one. It is addressed 
to parents but should be read and re-read by children’s 
nurses and health visitors and should not escape the 
notice of paediatricians and family doctors. Indeed the 
importance of this book lies in the fact that the every- 
day experiences and alarms of parents in bringing up 
children are not left to the cosy advice of the magazine 
column but taken seriously by a professor of paediatrics 
who for many years had made a special study of child 
development. Since, however, most husbands leave 
such matters to their wives it was wise of him to include 
his own, and reading between the lines, their three 
children in the venture. The new chapter on ‘Holidays’ 
is excellent. The chapter on ‘The young child at school’ 
deals with too big a subject in too short a space and in 
a society where education is so important and causes so 
much parental concern a companion book for families 
with schoolchildren would be welcome. Perhaps before 
long Professor and Mrs. Illingworth will feel they have 
the knowledge and the experience to write it. 

The photographs are a delight though some make the 
same point twice; the illustrations are a matter of taste, 


‘ 
2 
ye 
€ 
s 
> 
“9 P| 
O 
d 
e 
il 
1, 
it 
O — 
d 
IS 
ie 
. 
li 
rh 
) 
al 
in 
B. 
re 
al 
Wee 
ial 
n. 
H. 
ns 
4 


112 ARCHIVES OF DISEASE IN CHILDHOOD 


I find their style too ‘American’, too near the cartoon 
for my liking, but it would be interesting to hear the 
views of a group of mothers who use the book. 

The only real regret is that such a useful book has 
not yet come out as a ‘paperback’ at a cost within the 
reach of every family. 


Disease in Infancy and Childhood. 3rded. By RICHARD 
W. B. Exuis. (Pp. viit+714; 301 figures. 55s.) 
Edinburgh: E. & S. Livingstone. 1960. 


This latest edition of Professor Ellis’s textbook 
appears only four years after the previous one, and is 
completely up to date. The work has not the size of the 
massive compilations more usual nowadays, but it has 
the advantage of being written by one man and so has 
a uniformity of outlook which makes for easy study. 
The book is written with immense erudition; the reader 
will find almost every paediatric symptom and syndrome 
mentioned, and there is an extensive index which makes 
reference simple. The print is big and clear, the illus- 
trations are profuse, several in colour; and many of 
them are very striking. As befits its author, whose 
Chair is of Child Life and Health, the chapters on Social 
and Environmental Factors in Disease, Constitutional 
Factors in Disease, and Disorders of Growth and 
Development, are quite outstanding. Great stress is 
rightly laid on prenatal and neonatal paediatrics which 
takes up over one-third of the book. 

Such defects as the book has, are the shadows of its 
virtues. Its format is large, and because of the good art 
paper used, it is heavy and uncomfortable to hold. So 
much has been crammed into a volume of medium size 
that many references are necessarily sketchy in the 
extreme—so much so that one wonders whether pruning 
might not have been advantageous. Professor Ellis is 
acutely aware of the immense variety, both in health and 
disease, shown by his young subjects, so that ‘is likely 
to’ and ‘in most cases’ have spoiled the sparkle of his 
style. His use of ‘outwith’ sent me to a (Scottish) 
dictionary: I do not know whether ‘calorie’ for ‘Calorie’ 
is a similar Edinburgh usage. 

The book is extremely good value, and the student 
who masters it will have a complete framework in which 
to file his future experiences. 


The Child with Abdominal Pains. 
(Pp. 82; 15 tables. 12s. 6d.) 
Scientific Publications. 1959. 
In this neat little monograph Dr. Apley deals with the 

problem of what he would like to have called ‘little 

belly-achers’ by applying, as best he can, the scientific 
method to the study of a loosely defined and certainly 
many-headed monster of a syndrome by objectively 
comparing his own material with control groups of 
children; he has managed to keep us informed and 
entertained. But he has achieved much more; for as, 
one by one, he matched each aspect of the syndrome 
against his controls, and tested various hypotheses of 
causation in the cold light of validity, he gradually 
abandoned his own bias towards ‘organic causes (and 
organic cures) . . .” and has come to believe that, except 


By JOHN APLEY. 
Oxford: Blackwell 


for a very small proportion with frank organic disease, 
children with the periodic syndrome have emotione| 
tension as a constant background, and that, for the mos: 
part, the pains are abolished or greatly relieved with th: 
kind of informal psychology that can be applied in |. 
paediatric clinic. 

Amongst many other things Dr. Apley tells us that a 
against control groups those with the abdominal paii 
syndrome have other troubles like headaches, vomitin; 
and travel sickness; that the E.E.G.s are normal ir 
74% of both groups and epileptiform slightly more ofter 
in those without than those with the syndrome; that drug: 
like phenobarbitone, sodium citrate, phenytoin, troxi- 
done, oblivon as well as ‘old-fashioned mixtures’ migh: 
seem effective, but that their effects are variable, un- 
predictable and often transient; that less than 8% of his 
cases have any organic findings responsible for the 
condition and that one in 10 is considered to need refer- 
ring to a psychiatric colleague for advice and treatment 
and that these are usually easy to recognize and always 
come from families showing evidence of marked anxiety 
states. All these and many other similar statements 
are backed up with appropriate figures. 

Dr. Apley’s style is dextrous and persuasive; those 
who find his conclusions difficult to subscribe to, or 
have picked up lazy ways with phenobarbitone and slick 
reassurance should first read this delightful and easy 
little book of 82 pages and then return, chastened, to 
out-patient clinics to find a new interest in an old and 
troublesome condition. 


The Paediatric Prescriber. By Pincus CATZEL, assisted 
by S. CoHEN. (Pp. xvi+244; 15s.) Oxford: Black- 
well Scientific Publications. 1959. 

This pocket book covers the whole range of medicinal 
treatment during childhood excellently. It makes dis- 
connected reading so it has been tried by use for three 
months in a children’s department and has been found 
practical and reliable; one minor misprint and a few 
omissions of preparations used idiosyncratically by the 
reviewer, but no major faults, have turned up. 

The introduction deals sensibly with dosage in children 
and is in itself worth publishing. The major part of the 
book deals with a formulary of preparations acting on 
allergy, on blood, on the cardiovascular system, etc. 
The list of medicaments includes proprietary prepara- 
tions, and is interspersed with pithy warnings and guides 
to therapy, resembling but by no means copying, the 
Alternative Edition of the British National Formulary. 
This book is a marvel of industry as a compilation, but 
it bears an individual and critical stamp on almost 
every page, i.e. it is the composition of an author, not 
of an editor. 

The mixture and the tablet are not the only considera- 
tions. There are sections on correction of fluid and 
electrolyte disturbances, poisons and antidotes, milk and 
milk products, as well as drugs used for the newborn 
and a Table of preoperative medication. Perhaps 
Gaubius’ method and Young’s rule for calculating doses 
might in future be omitted from the appendix, they 
might deceive the unwary into treating meningitis ir 
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BOOK REVIEWS 


in ancy with dangerously small dosage, although they 
heve a place in medical history. 

We wish Dr. Catzel’s book a long life, but that raises 
the question ‘Can he keep it up?’ Therapy changes 
quickly, yesterday’s advance may be tomorrow’s placebo, 
and much revision will be needed before each new edition 
is reborn. Just now, this is a book to buy and to keep 
at hand. 


Modern Problems in Pediatrics. Vol. VI. Edited by 
A. HoTTINGER and H. BerGer. (Pp. xvi+560; 176 
figures + 52 tables. Sw. fr. 98.) Basel and New York: 
S. Karger. 1960. 

This sixth volume in the ‘Modern Problems in 
Paediatrics’ series is devoted to physiological and patho- 
There are 26 papers, 
nine on physiological and the remainder on pathological 
subjects. Anyone interested in renal disorders in 
infancy will find much valuable and up-to-date informa- 
tion. Although there is no index the table of contents is 
detailed and there is an excellent bibliography through- 
out. 

The first chapter deals with the renal bloodflow in 
health and disease and Reubi discards both Trueta’s 
‘shunt’ and Pappenheimer’s ‘plasma-skinning’ theories 


and concludes that perfusion pressure, viscosity and 


arteriolar resistance are the chief regulating factors. 
Colin and Polonovski discuss the regulation of water 
metabolism in the newborn and in infancy and point 
out the difficulties in deciding which of the possible 
mechanisms is responsible for their comparatively poor 
powers of urinary concentration, diuresis and tubular 
reabsorption of water. They do not reach any definite 
conclusion. Elkinton discusses the metabolic production 
of hydrogen ions and McCance and Widdowson consider 
some of the aspects of renal function before and after birth, 
concluding with a timely warning against studying the 
kidney in isolation and comparing a newborn infant’s 
kidney with an adult’s in regard to responses to ‘violent 
and arbitrary’ tests. Renal angiography and veno- 
graphy, their techniques, value and dangers are well 
described by Murray and Steiner respectively. The 
function of the tubular epithelium is lucidly expounded 
by Stalder and the part played by the kidney in mineral 
metabolism, described by Hungerland, will delight the 
methematically minded, but may prove difficult for those 
whose familiarity with logarithmic tables has declined 
wiih the passing of the years. The value of the Volhard 
co centration test in assessing the functional state of the 
distal and collecting tubules is discussed by Sarre. In 
th. second part of the book, dealing with pathological 
as ‘ects, McCrory contributes an excellent account of the 
pa hogenesis of glomerulonephritis, its diagnostic 
pr blems, treatment and prognosis. ‘Kretchmer, Barnett 
an! Shibuya consider that the nephrotic syndrome 
in olves a strong constitutional element and _ that, 
al: iough steroids have proved of therapeutic value, 
m: ay problems still remain unsolved. 

\ephrocalcinosis is discussed by Roger and diabetes 
in pidus by Lestradet. Fanconi and Illig deal with 
fa iilial lipoid nephrosis and nephrophthisis and Prader 
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with hereditary hypophosphataemic vitamin D-resistant 
rickets. 

Linneweh stresses the importance of recurrent pyelo- 
nephritis in causing renal failure in adult life and the 
prophylactic implications involved. Zollinger under- 
takes the thankless task of resurrecting interstitial 
nephritis as a pathological entity. 

Surgery is represented by an excellent chapter on 
obstructive uropathy by D. I. Williams and the physio- 
pathology of the causative lesions is described by Jean. 
The treatment of acute renal insufficiency is well set out 
by Gautier. 


Advances in Pediatrics. Vol. XI. Edited by S. Z. 
LEvINE. (Pp. 285; 36 figures + 23 tables + 18 plates. 
68s.) Chicago: The Year Book Publishers. 1960. 
This book is firmly established as an annual inmate of 

many libraries and Volume XI will be readily welcomed. 
There are six excellent articles covering a wide range 

of subjects. This is not the first book to show an in- 
creasing co-ordination between physiologist, biochemist 
and clinician; this is well demonstrated in Respiration 
and Respiratory Problems of the Newborn Infant by 

C. D. Cook, H. Barrie and M. E. Avery; Clinical and 

Experimental Interrelations of Sodium and the Central 

Nervous System by Robert E. Cooke and Edward J. 

Ottenheimer; and Aminoaciduria and Certain Related 

Disorders of Amino Acid Metabolism by Selma E. 

Snyderman and L. Emmett Holt. So many articles on 

allergy seem to be highly allergic but Allergy in Childhood 

by William C. Deamer is easily comprehensible and full 
of good sense. A reminder that some countries still 
have the problem of infantile gastro-enteritis arrives in 
an interesting article: Infantile Diarrhoea and Dehydra- 
tion: Ambulatory Treatment in a Hydration Center by 

Julio Meneghello and others. The final chapter gives 

further views on therapy in acute rheumatism, and Present 

Status of Hormone Therapy in Rheumatic Fever, with 

Special Reference to Short-term Treatment in Active 

Carditis by May G. Wilson is very stimulating. 

All these articles are well written and the references are 
extensive. 

Undoubtedly a large field of readers will be attracted 
to this volume, and S. Z. Levine and his associate 
editors are to be congratulated. 


Cerebral Palsy and Related Disorders. By Eric DENHOFF 
and IsABEL ROBINAULT. (Pp. 421; illustrated. 93s.) 
London: McGraw-Hill. 1960. 

Among many recent books on cerebral palsy, this 
work is quite outstanding. In the early chapters, the 
theme is the essential unity of the syndromes of cerebral 
dysfunction, comprising cerebral palsy, epilepsy, mental 
deficiency and related disorders. There is special 
emphasis on associated sensory and perceptual dis- 
turbances and on the hyperkinetic child. The authors 
stress the dynamic approach to cerebral palsy, the neces- 
sity for teamwork, and the importance of integrating 
therapy with the developmental stage reached by the 
child. Lip service has often enough been paid to these 
ideals in the past, but here is a practical handbook with 
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precise and detailed instructions on how to achieve 
them. The methods advocated are those developed at 
the Meeting Street School in Providence, Rhode Island, 
and the authors have managed to capture something of 
the atmosphere of restrained optimism which is so evident 
to the visitor to the School. There is frequent reference 
to the practice and opinions of other authorities, however, 
and in general the therapeutic approach is applicable 
to British conditions, though the statement that ‘The 
pioneer days of treating cerebral palsy are over. Facilities 
abound .. .” will raise wistful eyebrows in this country. 

In some chapters there is perhaps too much discussion 
of general paediatric problems, which is too brief to help 
paediatricians and unnecessarily detailed for therapists. 
There are few difficulties for British readers, although 
the definition of the perinatal period as extending from 
conception through the first month after birth will not be 
generally acceptable and may be misleading. There is 
a useful appraisal of the value of pneumoencephalo- 
graphy in cerebral palsy, and an illuminating chapter on 
the problems and social needs of young adults. 

This book is likely to be of most value to those actively 
engaged in the care of children with cerebral palsy, 
both physicians and therapists, who could profitably 
consult it many times daily, for it contains a wealth of 
practical advice. 


Child Research in Psychopharmacology. Edited by 
SEYMOUR FISHER. (Pp. 216; 7 figures. 52s.) Oxford: 
Blackwell Scientific Publications. 1959. 

It is important to recognize that this account of a 
conference held at Washington, D.C., and sponsored 
by the National Institute of Mental Health is written 
in America. 

One appreciates the wealth and generosity of a country 
prepared to publish in full, not written papers, much 
less carefully drawn conclusions, but the thinking aloud 
which a gathering of this kind fosters, indeed, invites. 
One may regret that the drugs about which it is written, 
are, of course, given their American trade names; some 
of them sound unfamilar to readers in this country. This 
latter is no serious drawback since a comprehensive 
glossary of drugs currently used in psychiatry is given 
at the beginning of the book. At the end is a reference 
list containing 159 items, reviewing current usage of 
psycho-pharmacological agents with children. 

One gathers that the conference was called because 
of the flood of new tranquillizers, thus encouraging 
their misuse. The chairman, Dr. Milton Senn, deplores 
this in a succinct contribution which ends the conference. 
Pointing out that paediatricians and family doctors are 
called on increasingly nowadays to treat behaviour 
disorders and symptoms arising from psychological 
difficulties, he pleads that the drug companies should not 
encourage ‘the nonpsychiatric physician to use drugs 
when other areas of psychotherapy are needed, useful 
and indicated’. Indeed, there is more wisdom packed 
into the two pages of closing remarks than in other 
contributions that are more diffuse in texture, and cover 
more ground. 


However, this is not a treatise on drugs. It sets out 
to consider the problems posed by biological research 
in this field as applied to children, with the development il 
tide running fast. If behaviour patterns are compare'l, 
then what constitutes ‘improvement’? 

May not odd behaviour serve a valuable function i 
purpose in calling attention to stress? Is it advisable 19 
obliterate signs of tension without fuller investigation? 
And above all, what constitutes ‘normal controls’? 

There is a plea for better planning in researches aimed 
at evaluating the advantages of one drug over anothe:, 
and because the conference is reported verbatim theie 
is a good deal of repetition. In this country we tend 
perhaps to skim the contents and read only the sun- 
maries. This one cannot be read in that way for ‘t 
describes a group of experts from various disciplines, 
psychiatry, paediatrics, psychology, biochemistry, social 


medicine, and others, comparing essentially their coni- | 


mon areas of interest, doubt and uncertainty, in a field 
made more difficult by reason of commerical initiative 
and rapid advances. In reading it, one is allowed to 
share their difficulties. 


Herz- und Kreislaufstérungen im Sduglings- und Kinde- 
salter. By P. GeGcesi Kiss and Gy. SZUTRELY. (Pp. 
879. $17.50.) Germany: Verlag der Ungarischen 
Akademie der Wissenschaften. 1960. 

This book, written by the Professor of Paediatrics at the 
Budapest University Hospital, and his cardiological 
colleague is indeed a welcome addition to the literature 
on paediatric cardiology. It has been translated from the 
Hungarian into very readable German, and on reading 
through the various chapters it becomes increasingly 
obvious that the authors have had very wide experience 
in their field. 

It has been compiled along more or less conventional 
lines in that a section on cardiac embryology, anatomy 
and physiology is followed by a chapter on the examina- 
tion and investigation of the child with heart disease. 
This latter in particular is well thought out and contains 
helpful hints. 

In contrast to recent publications in the English 
language, more space has been given to the sections deal- 
ing with acquired forms of heart disease, and such 
conditions as rheumatic fever, diphtheritic myocarditis 
and the virus carditides are excellently dealt with, though 
one can possibly argue with the authors on some points 
where the cause of rheumatic fever and its prevention 
with prophylactic antibiotics is concerned. Heart 
involvement in acute bacterial and viral diseases and its 
management is fully discussed. 

In a book of this kind, however, it is a little surprising 
that the authors have not dealt with congenital heart 
disease in greater detail, particularly as their patient 
material extends to 16,000. It has been estimated that 
approximately six per 1,000 live births suffer from 
congenital heart disease in some form or another and 
paediatricians are becoming increasingly interested in the 
early diagnosis of these abnormalities. Endocardial fibro- 
elastosis, is not mentioned at all. Admittedly the incidence 
of various diseases varies from country to country. 
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BOOK REVIEWS 


The section on arrythmias and conduction defects is 
acmirably described and well illustrated with E.C.G. 
tr.cings. Therapy in cardiac disease is discussed at 
le:.gth and prominence is given to the value of hiberna- 
tiin using the lytic cocktail not only in preoperative 
minagement, but also in the treatment of conditions 
producing acute peripheral circulatory failure, cyanotic 
attacks in Fallot’s tetralogy, and supraventricular 
paroxysmal tachycardia. 

[The book is well produced, and can confidently be 
recommended to anyone interested in this subject. 


Die Hals-Nasen-Ohren-Krankheiten im Kindesalter. By 
F, BIESALSKI, with a chapter on Speech Disturbances by 
R. LUCHSINGER. (Pp. xii + 342; 118 figs. DM. 49.) 
Stuttgart: Georg Thieme Verlag. 1960. 

This excellent little book written by an ear, nose and 


_ throat surgeon with wide experience in paediatrics, 
- covers the whole of paediatric ear, nose and throat 


surgery in its widest sense. It is specifically written for the 
general practitioner and the paediatrician, and details 
of surgical treatment are omitted. 

In the short space of just over 300 pages, the author 
manages to describe practically all the conditions which 
are encountered in childhood, and special emphasis is 
put on those diseases peculiar to the young age groups. 

It is perhaps inevitable that some of the conditions 
described, especially those which are not usually directly 
handled by ear, nose and throat surgeons, as for instance, 
congenital abnormalities of the palate, oesophagus, pinna 
and the neck, are not described very fully, but the general 
standard of the text is very high. 

It is difficult to single out any of the chapters for special 


praise, but the extensive chapters on diseases of the 


middle ear and the chapter on ‘Speech Disturbances’ by 
Professor Luchsinger, are especially outstanding. 

Although the treatment which Dr. Biesalski outlines 
in this book is very much up to date, he has still included 
many well established and proven methods of therapy in 
preference to some, as yet, experimental methods of 
treatment. 

The book is beautifully printed and the photographs 
and drawings are of the very high standard with which 
one is accustomed from these publishers. 

The references are adequate, but it is noticeable 
how few English and American references are given, 
possibly because the book is written for German paedia- 
tricians who will not have the time nor the facilities to 
look up much foreign literature. 


_ Di» physiologische Entwicklung des Kindes. Vorlesungen 


iber funktionelle Paedologie. Edited by FriepricH 

NNEWEH. (Pp. viit+471; 236 figures. DM. 98.) 

terlin: Springer Verlag. 1959. 

a recent years, biochemical and physiological methods 
ha e become available which are applicable to investiga- 
tic is on infants and small children. This has stimu- 
lat:d interest in the normal development of bodily 


_ fu ctions from birth to adulthood; yet new information 


ha tended to be scattered widely through a variety of 
mdical journals. To remedy this situation a sym- 
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posium was organized in Germany some two years ago 
at which invited speakers from many countries presented 
their work in this field. This book reprints the com- 
munications (‘lectures’) given at that time; no discussion 
is printed. 

A large number of topics is covered, beginning with 
four general chapters, including one on the stress- 
reaction and one on oxygen lack at the time of birth. 
The special part contains 48 chapters of unequal length 
(varying from two to 15 pages). Almost all of the 
authors have recently done active research on the subject 
which they review. This ensures an air of topicality 
often sadly missing from other ‘Symposia’. There are 
seven chapters on nervous system, EEG and temperature 
regulation, two on respiration, three on circulation, 
seven on metabolism, nine on kidney and electrolytes, 
four on gastrointestinal functions, eight on blood and 
its constituents, including immunological aspects, and 
eight on endocrines. A concluding chapter deals with 
the relationship between drug action and growth. 

Most of the authors have managed to blend a descrip- 
tion of their own research with a review of the results 
achieved by other workers. The standard of presenta- 
tion is high, almost without exception. There is not 
only much detailed information, but the reader will find 
many useful hints on work recently done or still in 
progress. This is thus both a stimulating and a rewarding 
book, which also serves as an almost indispensable book 
of reference. Although most of the chapters are in 
German, 14 are in English (six of these on the kidney 
and allied subjects), two of them by authors from the 
U.K. (Derek Richter and Thomas Stapleton). Most 
of the chapters contain many helpful diagrams and 
tables, which can of course be understood without 
much knowledge of German. Useful lists of references 
are appended to each of the chapters and there is a 
good index. 

This seems a ‘must’ for all medical libraries and should 
be studied not only by paediatricians but also by clinical 
pathologists, biochemists and physiologists. The price, 
although high, is reasonable by German publishing 
standards. 


Syllabus of Laboratory Examinations in Chemical 
Diagnosis. Revised edition. Edited by Lot B. PAGE 
and Perry J. CuLver. (Pp. xxiv+580; 56 figures 
+ 98 tables. $12.50.) Massachusetts: Harvard 
University Press. 1960. 

This book originated in a course of lectures given to 
second-year medical students at Harvard School of 
Medicine. Intended to serve as a link between the 
preclinical and clinical course, it is now addressed to the 
clinician with an inquiring mind, and time to inquire; 
and the laboratory worker with a keen clinical interest 
and opportunity to keep this interest alive at the bedside. 
Since such people are relatively few, the book’s limita- 
tions are inseparable from its virtues. In addition to 
sections on haematology, chemical pathology, and 
bacteriology, it includes chapters on cardiac catheteriza- 
tion and pulmonary physiology. Each section is intro- 
duced by a detailed consideration of the physiological 
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principles on which the various tests are based and con- 
cludes with a critique of their clinical scope and limitations. 

As often happens with books that have outgrown 
their original purpose and where there are many authors 
instead of one, variations in standard and presentation 
are the price of comprehensiveness. The chemical 
section is perhaps the most impressive: it shows up the 
close liaison which can be achieved between ward and 
laboratory which is so striking a feature of the best 
of American medicine. The laboratory worker some- 
times forgets that the most sensitive test is only as useful 
as the clinician can make it by interpreting the results 
correctly; and conversely, the clinician evaluating results, 
does not always take into account that their value is 
limited by the accuracy with which they can be repro- 
duced in the laboratory. A book like this can help to 
bridge the gaps. It is, however, too detailed for resident 
staff with emergency duties in the laboratory. They 
neither need nor want to know six different methods for 
estimating haemoglobin. Several of the methods, 
especially in the section on haematology, do not conform 
to British practice (coverslips for example, are used for 
blood films and differential counts). In spite of this, 
clinical pathologists who are truly clinical and physicians 
who wish to understand the investigations they are order- 
ing or doing themselves will find the book of great value. 


Chemical Micromethods in Clinical Medicine. By 
R. H. WILKINSON. (Pp. 136; 18 figures. 40s.) 
Oxford: Blackwell Scientific Publications. Spring- 
field, Illinois: Charles C. Thomas. 1960. 

The recognition of the necessity for routine micro- 
and even ultra-micromethods of the chemical analysis of 
blood comes, perhaps, most easily to the pathologist 
in a children’s hospital where the amount of blood avail- 
able for analysis is often limited. This little laboratory 
manual is essentially a description of the microchemical 
methods in use in the laboratory of The Children’s 
Hospital in Great Ormond Street. The introductory 
chapters deal with the techniques of the collection of 
blood specimens and the apparatus required, and 
contain pertinent remarks on the control of the results. 
In the following chapters, the methods described are 
grouped together according to the function they are 
designed to investigate, e.g. liver function tests, tests of 
protein metabolism, etc., with each chapter prefaced 
by brief remarks on their use and interpretation. The 
final chapter deals briefly with ultra-micromethods. The 
practical details of each method described are clearly 
set out and are easy to follow. 

Given its somewhat limited scope, this book will te 
found useful, especially for biochemical technicians and, 
possibly, pathologists in a general hospital with a chil- 
dren’s ward where babies are often subject to frequent 
venesection because of the lack of experience in micro- 
methods. Its appeal, however, is diminished by the 
limited scope of the book. Only one method is described 
for each estimation. Possible difficulties are not men- 
tioned, nor the possible errors involved. Other than 
the reference to the original description of the method 
selected, few references are given to the literature. The 


prefatory discussion in each chapter on the clinical us:s 
of the tests is too brief to be useful. Chemical patho- 
logists would find it of use only as an adjunct to tle 
larger works or to the original literature, and interestir g 
mainly as the description of the routine chemicil 
pathology in a large children’s hospital. The append x 
gives the normal values in children and adults, usir g 
these micromethods. 

It must be pointed out that the normal full-term ney - 
born infant has a much higher serum protein lev:| 
than that stated and it should be made clear also that tl e 
serum protein level of premature infants varies with tle 
birth weights. It is very misleading to give an overall 
value when the birth weight of the premature infant can 
vary from 2 to 53 lb. The serum gammaglobulin level 
of the newborn infant is also incorrectly given. It is 
actually slightly higher than that of the adult, and not 
half, as stated. 

The book is well printed on good paper, but 40 shillings 
seems excessively expensive. 


Oxygen Supply to the Human Foetus. Edited by JAmrs 
WALKER and ALEC C. TURNBULL. (Pp. 313; illus- 
trated. 47s. 6d.) Oxford: Blackwell Scientific Publi- 
cations. 1960. 

This book records the proceedings of a meeting held at 
Princeton, New Jersey, in December, 1957, under the 
sponsorship of the Macy Foundation and the C.I.0.M.S. 
The discussions covered a wide range of subjects, from 
the general physiology of oxygen transport in the adult 
and the foetus to the vascular anatomy of the placental 
circulation (an admirable and concise account from 
Elizabeth Ramsey), from new methods for measuring 
oxygen tension in the blood and tissues to a general 
discussion on the significance of umbilical cord blood 
studies. There is much factual information here which 
has been carefully arranged and which is not readily 
available elsewhere. It is not easy reading because of 
the wide variety of subjects and techniques which were 
considered, and because of the interpolated discussions. 
On the other hand it is difficult to see how the material 
could have been arranged otherwise without considerable 
sacrifices. Many of the discussions were both infor- 
mative and stimulating, on the technical aspects of blood 
gas analysis for instance, and on the changes which may 
occur during foetal distress. The recent studies on the 
changes in pressure and oxygen content of the blood in 
the intervillous space were of particular interest. And 
there have been some careful measurements of uterine 
blood flow in man, though the indirect methods used 
should be compared with a direct method (in animals). 

The difficulties which the editors experienced in 
arranging this diverse material derives from our lack of 
basic knowledge in this subject, in which so much is still 
speculative. The relative inaccessibility of the foetus 
in utero is as frustrating to the obstetrician who wishes 
to know what is going on inside, as it is to the physio- 
logist who wishes to know how it does so. This book 
sets out many of the facts so far established, and pro- 
poses a number of questions to which answers are 
needed, and which should not be too hard to supply. 
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kopyl 


paediatric drops 


in Infantile Colic 


a 


Skopyl has a marked peripheric spasmolytic action, particu- 
larly on the gastro-intestinal tract. 


Fast Action 


Sublingually Skopyl is rapidly absorbed and therefore often 
provides immediate relief of pain. 


Easy Administration 


One, two, or three drops under the tongue about 15 minutes 
before each feed. 


PHARMACIA | Safety 


Skopyl has a favourable therapeutic index and untoward 
UPPSALA »- SWEDEN | effects are rare. 


\ 


Indications 

Distributed in Great Britain by Infantile colic (Paroxysmal fussing), infantile vomiting, so- 
Messrs. Savory & Moore Ltd., called dyspepsia in breast-fed infants, pylorospasm, pyloric 
60/61, Welbeck Street, London. W.1. stenosis, whooping cough. 

Availability 

Dropper bottle containing 5 ml. 
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In acute or chronic sinusitis, 
secondary infection in influenza 
and the common cold, and in sore throat 


Sulfex Intranasal drops 


meet every therapeutic requirement 


rapid concentration at the site of infection 
prolonged bacteriostasis 
safe, effective vasoconstriction 


Formula: ‘Mickraform’ su!phathiazole 5% in an iso- 
tonic aqueous medium with ‘Paredrinex’ (p-hydroxy- 
amphetamine hydrobromide) 1% 


SMITH KLINE & FRENCH LABORATORIES LTD, Welwyn Garden City, Herts 


**Sulfex’, ‘Mickraform’ and ‘Paredrinex’ are trade marks 
SX:PA21 
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PROHIBITED| 
ALL VEHICLES} 


UNLESS REQUIRING 


IN THE, STREET 


ACCESS TO PREMISES] 


He doesn’t see himself as an international footballer. At the 
moment, not even as a footballer at all. Yet how he wishes he 
wasn’t a “‘wheezy”’ child, and could join in! 

Tedral is highly effective for the symptomatic relief of asthma. 
It is composed of theophylline, ephedrine hydrochloride and 
phenobarbitone, which ensures prompt and lasting relief. 

It is easier—and pleasanter for the child—to administer 
flavoured Tedral Paediatric Suspension, of which each tea- 
spoonful is equivalent to half a tablet of Tedral (the normal 
four-hourly dose for children aged 6 to 12). Tedral is also 
available in plain and enteric-coated tablets, the latter having 
a delayed action of 4 hours. 


is available in bottles of 4 fluid ounces. 


WILLIAM R. WARNER & CO. LTD. 


EASTLEIGH, HAMPSHIRE. TELEPHONE: EASTLEIGH 3131. 
TED 513 
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WILTS 


UNITED DAIRIES 


The Nutrition Department of Wilts United Dairies Ltd. proudly announce that 
they have been appointed sole distributors in the U.K. for UNIFLOR and ENPAC— 
Lactobacillus acidophilus preparations developed by the Biologicals Division of 
Aplin & Barrett Ltd. 

UNIFLOR is highly beneficial in certain gastro-intestinal disorders which give rise to 
or are a result of a disturbance of the intestinal flora. It acts by re-implanting 
L. acidophilus in the intestine and thus restores or maintains the normal balance of the 
flora. 

UNIFLOR provides the bottle-fed infant with an intestinal flora approximating that of 
the breast-fed infant, and is thus particularly effective in the prophylaxis and treatment 
of such disorders as ammoniacal dermatitis, diarrhoea and vomiting, and thrush, in 
both its oral and anal forms. 

ENPAC has all the properties of UNIFLOR but with the important difference that 
its strains of L. acidophilus have been rendered resistant to the ten main antibiotics in 
current therapeutic use. Thus, when antibiotics are being co-administered, ENPAC 
should be prescribed in place of UNIFLOR. This will prevent the proliferation of 
pathogenic organisms, notably Staphylococcus and Monilia, and preclude gastro- 
intestinal side-effects. 


Samples and literature will be sent to the 


medical profession on request to:— 


WILTS UNITED DAIRIES' LIMITED 


NUTRITION DEPARTMENT 
TROWBRIDGE - WILTS. 
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SCIENCE FOR THE WORLD’S WELL-BEING Ptizer Ltd 
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for the combination 

of broad spectrum effectiveness... 
taste... convenience 

of dosage... protection 

against yeast overgrowth... 
UNMATCHED BY ANY OTHER 
BROAD SPECTRUM ANTIBIOTIC 
PREPARATION. 


MYSTECLI 


Squibb Phosphate—Potentiated Tetracycline plus Amphotericin—B (FUNGIZONE) 


FOR SYRUP ... FOR PAEDIATRIC DROPS 


ESPECIALLY FOR CHILDREN 


tetracycline therapy at its best... 


plus the new antifungal antibiotic, 
Fungizone, to prevent fungal 
superinfection. 


When reconstituted, the syrup 
provides a fruit-flavoured aqueous 
suspension containing 125 mg. 
tetracycline (HC1 equiv.) and 25 mg. 
Fungizone per 5 cc. teaspoonful. 
Supplied in bottles for 
reconstitution to 60 cc. The drops 


when reconstituted provide 100 mg. 
tetracycline (HC1 equiv.) and 20 mg. 

Fungizone per cc. Supplied with fx, QUI BB 
unbreakable plastic dropper in ' 
bottles for reconstitution to 10 cc. E R SQUIBB & SONS LTD Edwards Lane Speke Liverpool 24 


A century of experience 
builds faith 


‘Mysteclin’ and ‘Fungizone’ are trademarks 
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New 
simplified treatment 
for threadworm infestation 


SUSPENSION 
effective single-dose therapy 


VANQUIN* SUSPENSION is available as a pleasant- 
tasting, strawberry-flavoured liquid, containing 
the equivalent of 10 mg. base per ml., in 1 oz. and 
16 oz. bottles. 

t 6-dimethylamino-2-[2-( 2,5-dimethyl-1-phenyl-3-pyrryl )-vinyl]- 
1-methylquinolinium embonate 


* TRADE MARK 


= PARKE, DAVIS & COMPANY ° Inc. USA Liability Lid *» HOUNSLOW * MIDDX 
PAR KE DAV I Ss TEL: HOUNSLOW 2361 
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off Vl a world devoted to healing the sick, how pleasant it is fcr 


doctors to find a soap which is so much 01 
their side. With its Liquor Carbonis Detergens 
constituent, Wright’s Coal Tar Soap is indee | 
the perfect antiseptic—safeguarding a doc- 
tor’s hands against infection and keepin: 
them soft and smooth. Such a soap might so 
easily have been entirely ‘medical’. Insteac, 
Wright’s Coal Tar Soap has the fresh, whole- 
some qualities which make it the ideal toilet 


and bath soap, not only for doctors but for 
their patients too. 


The Golden 
Tablet in 
Bath and 


Toilet sizes 


WRIGHT'S 


COAL TAR SOAP 
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A New Book 


RECENT ADVANCES IN 
PAEDIATRICS 

By various authors. Edited by DOUGLAS 
GAIRDNER, D.M., F.R.C.P. 
Second Edition with completely changed 
contents. 82 illustrations. 48s. 


DEAFNESS 
By J. C. BALLANTYNE, F.R.C.S.,D.L.O. 71 illustrations. 


D.Obst.R.C.0.G., 


INFANT FEEDING AND FEEDING DIFFICULTIES 
Sy P. M.D., F.R.C.P. and RONALD MacKEITH, 


Third Edition. 66 illustrations. 16s. 
THE NORMAL CHILD: Some problems of the First 


Five Years and Their Treatment 
By R. S. ILLINGWORTH, M.D., F.R.C.P., D.C.H. 


j. & A. ChurchiiPs New and Important Publications 


THE NEWBORN CHILD 
By DAVID G. VULLIAMY, M.D., M.R.C.P., D.C.H. 


|THE PREMATURE BABY 
By V. MARY CROSSE, 0O.B.E., M.D 

D.P.H. 

Edition. 42 illustrations. 


Ready this month 
34 Illustrations. Abt. 15s. 


ANTENATAL & oe. CARE 
-, | New (Ninth) Edition. ms F, J. BROWNE, 
(Fifth)) ™.D., Ch.B., D.Sc., R.C.S.(Ed. ), 
22s. 6d.| F.R.C.O.G.'and J. C. MCCLURE BROWNE’ 
B.Sc., M.B., B.S., F.R.C.S.(Ed.), 


75 illustrations. 
THE QUEEN CHARLOTTE’S TEXTBOOK OF 
OBSTETRICS 
By members of the Clinical Staff of the Hospital. 
New (Tenth) Edition. 4 coloured plates and 240 text-figures. 50s. 


RECENT ADVANCES IN CEREBRAL PALSY 
Edited by RONALD S. ILLINGWORTH, M.D., F.R.C.P., D.C.H. 
136 illustrations. 50s. 


BABIES AND YOUNG CHILDREN: Feeding, Manage- 
ment and Care 
By R. S. ILLINGWORTH, M.D., F.R.C.P., D.C.H. and CYNTHIA 
M. ILLINGWORTH, M.B., M.R.C.P. 


New 
Abt. 


: Second Edition. 69 illustrations. 33s. 24 plates and 50 text-figures. A book for Parents. 18s. 
| DISEASES OF INFANCY AND CHILDHOOD CHILD HEALTH AND yy gp yt 
* By Sir WILFRID SHELDON, K.C.V.O., M.D., F.R.C.P. By Various Authors. Edited by R. W. B. ELLIS, 0.8.E., M,A., 
: Seventh Edition. 213 Text-figures and including 18 Plates D., F.R-C.P. 


Second Edition. 81 illustrations. 4s. 
New Book from U.S.A. 


CANCER AND ALLIED DISEASES OF INFANCY AND CHILDHOOD 


Edited by I. M. ARIEL, M.D., F.A.C.S. and G. T. PACK, M.D., F.A.C.S. 
318 Illustrations. 160s. 


(5 in colour). 50s. 


J. & A. CHURCHILL LTD., 104 GLOUCESTER PLACE, LONDON, W.I 


Vitamin B Complexin Antibiotic Therapy 


The discovery of antibiotics proved a turning point in the fight 
against bacterial and other infectious diseases. The clinical success of 
penicillin stimulated the search for antibiotics produced by other 
organisms, which resulted in the isolation of a number of potent bacterio- 
static or bactericidal substances. Antibiotic therapy is comparatively 
free from undesirable side-effects. However, some change in the 
intestinal flora is inevitable after the administration of antibiotics, and 
the synthesis of members of the vitamin B complex in the gut may be 
impaired. It is therefore usual to prescribe vitamin B preparations 
when a course of antibiotics is given. 


Marmite is a useful source of every known factor of the vitamin B 
complex. Its appetising flavour ensures easy administration: it may be 
given as a drink made with boiling water or hot milk, or in sandwiches, 


or used in cooking. 
MARMITE 


yeast extract 
contains Ribaflavin (vitamin Ba) 1.5 mg. per oz. Niacin (nicotinic acid) 16.5 mg. per oz. 


Literature on request 


MARMITE LIMITED, WALSINGHAM HOUSE, SEETHING LANE, LONDON, E.C.3 
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DISEASE IN INFANCY AND CHILDHOOD 
Third Edition. By RICHARD W. B. ELLIS, 0.B.E., M.A., M.D., 
F.R.C.P. 


722 pages. 328 illustrations. 55s. 


: “Easily the best paediatric textbook of single authorship 
in the English language. It can be strongly recommended.” 
Journal of Obstetrics and Gynzcology. 


THE DEVELOPMENT OF THE INFANT AND YOUNG 
CHILD. Normal and Abnormal. 
By R. S. ILLINGWORTH, M.D., F.R.C.P., D.P.H., D.C.H. 


324 pages. 95 illustrations. 27s. 6d. 


“* This book fills a long-felt need. It should be read by every 
paediatrician, child welfare physician and family doctor. It contains 
clear instructions in simple language about the assessment of the 
intellectual development of the infant and pre-school child.” 

Practitioner. 


CONGENITAL DEFORMITIES 
By GAVIN C. GORDON, M.B., F.R.C.S.E. 
136 pages. 149 illustrations. 37s. 6d. 


The author of this stimulating book is a well known ortho- 
padic surgeon who has studied this subject for many years. 


x==—Important Reading for the Paediatrician——» 


Complete catalogue sent on request 


E. & S. LIVINGSTONE, LTD., TEVIOT PLACE, EDINBURGH 


FEBRUARY, 1961 


PATHOLOGY OF INFANCY AND CHILDHOOD 
By AGNES R. MACGREGOR, M.D., F.R.C.P.E., F.R.C.O.G. 
639 pages. 399 illustrations. 75s, 
“It is a pleasure to read this book. In it Dr. Agnes Macgregor 
has compressed many years of experience into a volume of com- 


pact size. A book which all concerned with the care of children 
will want to have.” 


British Medical Journal. 


PROCEEDINGS OF A SYMPOSIUM ON 
IMMUNIZATION IN CHILDHOOD. 
Edited by Dr. D. A. CANNON, Dr. W. C. COCKBURN, 
Dr. D. G. EVANS and Dr. H. J. PARISH. 
140 pages. 5 illustrations, 17s. 6d, 
“The ‘proceedings’ are up to date, authoritative, and 


commendably concise. As a guide to current practice they could 
scarcely be bettered.” 


Practitioner, 


THE ROYAL EDINBURGH HOSPITAL FOR SICK 
CHILDREN, 1860-1960 
By DOUGLAS GUTHRIE, M.D., F.R.C.S.(Ed.) 
88 pages. 40 illustrations. 17s. 6d. 
“Dr. Guthrie has given us a delightful little book which is 
assured of world-wide interest.” 
Archives of Disease in Childhood. 


* 


SPECIALIST JOURNALS 


ABSTRACTS OF WORLD MEDICINE 
Monthly. Annual Subscription, £4 4s. 
ANNALS OF THE RHEUMATIC DISEASES 

Quarterly. Annual Subscription, £3. 


ARCHIVES OF DISEASE IN CHILDHOOD 
Bi-monthly. Annual Subscription, £4 4s. 


BRITISH HEART JOURNAL 
Bi-monthly. Annual Subscription, £4 4s. 
BRITISH JOURNAL OF INDUSTRIAL 

MEDICINE 

Quarterly. Annual Subscription, £3. 

BRITISH JOURNAL OF PHARMACOLOGY 
AND CHEMOTHERAPY 
Bi-monthly. Annual Subscription, £6 6s. 
BRITISH JOURNAL OF PREVENTIVE AND 
SOCIAL MEDICINE 
Quarterly. Annual Subscription, £3. 


BRITISH JOURNAL OF VENEREAL DISEASES 
Quarterly. Annual Subscription, £3. 


GUT 
Quarterly. Annual Subscription, £3. 


JOURNAL OF CLINICAL PATHOLOGY 
Bi-monthly. Annual Subscription, £4 4s. 


JOURNAL OF NEUROLOGY, NEUROSURGERY 
AND PSYCHIATRY 
Quarterly. Annual Subscription, £3. 


MEDICAL AND BIOLOGICAL ILLUSTRATION 
Quarterly. Annual Subscription, £3. 


THORAX 
Quarterly. Annual Subscription, £3. 


BRITISH JOURNAL OF OPHTHALMOLOGY 
Monthly. Annual Subscription, £6. 


OPHTHALMIC LITERATURE 
Six issues and index yearly. Annual Subscription, 
£4 4s. 
Combined subscription with British Journal of 
Ophthalmology, £9. 


British Medical Association, B.M.A. House, Tavistock Square, London, W.C.1 
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